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OOHOIYHKTHBIE CHCTEMBI YIIpaBJIeHAA
KOCMUYECKHUMH IPYyIIIApoBKaMu Manmx UC3

K.A.Ilo6eponocues, B.H.Momikua
OKb MBHU
111250, Mocksa, KpacHokazapMeHHas yi., 14
Tei. /dpaxc: 362-56-52

OnHa u3 MpUBJIEKaTeIBHBIX CTOPOH HCHOb30BaHusa Majbix MC3 - nx
HU3KasA CTOMMOCTb M BO3MOXKHOCTh pellieHUs] KOHKPETHBIX 3afa4y B CaMbIe
KOPOTKHE CpOKH, HauMHas oT ¢opMmyiinpoBku T3 u konyasi cpadyeit UC3 B
sKeruryaranuio. OgHako, TIpU 3TOM VISl PEelieHUs] Bcero KOMILIeKca 3ajay,
PEAIU3YEMOT0 C MOMOILIM TPAAULIMOHHBIX “Oonbmx”™ MC3, konuuectso KA
JIOJDKHO OBITh 3HAYUTEIBHO YBEJIMYCHO, YTO NPHUBOAUT K OOJBIION Mepe-
IPY3KE CYIIECTBYIOLIETO HAa3eMHOIO KOMIUIEKCA VIIPABJICHUS M YCIOXHSCT
npenocrasieHue uHdopMaruu m ynpasicHue HMC3 co cropoHBl HX 3a-
Ka34MKOB. Pa3peilieHHEe 3TOTO MPOTHBOPECUMST MOXET OBITh HAWICHO B CO3a-
HUU OJHOIYHKTHBIX CHUCTEM YIIPABICHUS CIEIUAIM3UPOBAHHBIMKM TPYIITH-
poskamu Majbix U1C3.

Onpenensiercsi UHGOPMAITHOHHO-U3MEPUTEIbHAS CTPYKTYpa Ha3EMHBIX
U DOPTOBBIX CPEJICTB, OOCCIICUUBAIOIIAs YIIPABICHUE IPYINMPOBKOI, Tpebo-
BaHMsS K CUCTEMaM M3MEpPEHUS IlapaMeTpoB OpOUTHI, Mepeiayy JaHHbIX Te-
Jien3MepeHU Ha 3eMillo, KOMaHI M TMPOrpaMM/KOppeKIIMUd IporpaMMm Ha
0opt kaxoro u3z mMajbsix MC3.

B kayecTBe mporoTuria mpemiaracMoM UieM INPHUBOOATCH HaHHbIE 00
OHOMYHKTHOM CHCTEME VIIPABICHHUS I'PYIITHPOBKOI HC3 cepun
HUPC u3 5 CIOyTHUKOB, OCYIIECTBASIONIUX JUCTAHIIMOHHOE 30HIUPOBAHUE
3eMJIM M pacrojlaracMblif Ha TOJIMOCKOBHOM NYHKTE¢ KOCMHYECKON CBI3UM
OKb MBH “Menpexsn o3epa™.

K .Tlo6enoHoc1ieB




Single-Post Control Systems for Orbital Constellations of Small Satellites

K.A. Pobedonostsev, V.N. Moshkin
OKB MEI
111250, Krasnokazarmennaya st., 14, Moscow
Phone /Fax: (095) 362-56-52

One of winning sides of using small satellites in their cheapness and a
possibility of carrying out specific tasks in the most short terms from elabora-
tion of specification to the beginning operation.

However to solve the whole complex of problems which usually are real-
ized wvsing traditional “big” satellites the number of small satellites is to be
considerably increased. This make more complicated information transmis-
sion and satellites control by their customers.

This problem can be solved through the creation of single-post control
systems to control specific constellations of small satellites.

One must to determine information-and-measuring structure of the
ground and on-board means. This structure is to ensure control the constel-
lation, requirements for orbit parameters measuring systems, data transmis-
sion systems, commands and programs/program corrections to each of the
small satellites.

As the prototype of the idea proposed the data of the single-post control
system that is designed to control the satellites constellation consisting of the
5 IRS Earth monitoring satellites which are at the OKB MEI *Medvezhyi
ozera”, Space communications post near Moscow, are presented.

K.Pobedonostsev

2rzam




MKA Ha ocaoBe 0330801 YHHDUIIMPOBAHHOH MIATHOPMEI
H 3aj1e71a cucTeMHbIX pazpadorox HITO mMammuocTpoenus

M NPeRIPUATHH Koollepauuy

B. Uramus
HITO mammunocTpoeHus
143952 r. PeyroB, MockoBckas 061acTh
yi. [arapuna
dakc: (095) 302-20-01, (095) 528-30-18

Beenenne

B nacTtosumx MaTepruanax HPUBOIATCS PE3YAbTAThHI pa60T II0 ONPEHCICHUIO
OCHOBHBIX XapaKTCPACTHK MaJIOTO0 KOCMHYCCKOIO amiapara CBA3H ((PYCJ'[aH-MM».

1. Maaniit kocmugeckuii anmapar (MKA) casizu
1.1. CocraB cCHCTEM KOCMHYECKOTO arrapara.

B cocTaB CITyTHUKa BXOJIAT:

- KOpITyC;

- DopToBas CHCTEMA CBI3M,

- 6OPTOBOI KOMILIEKC YIIpaBIICHHS;

- JBUraTesbEas yCTaHOBKa;

- CHCTEMA DJIEKTPONHMTAHHMS;

- CHCTEMa TepMOPErYIHPOBAHHSL.

BopToBOif KOMIUIEKC YIpaBIeHHS BKIIOYAaET B CBOM COCTAaB CICAYIOUINC
CHCTEMBI:

- 6OpTOBOI BEIMUCITHTEIBHAIA KOMILIEKC;

- CUCTEMY YIpPaBJIEHHS JBUXKECHHEM;

- GOPTOBYIO AMMAPATYPy KOMAHAHO-H3MEPUTENBHON CUCTEMEL,

- CHCTEMY TEIEMETPHYCCKUX U3MEPEHHMH

- anmaparypy nHoTpeOuTeNs CIlyTHUKOBOM HABHI AU,

- GOpPTOBBIEC CHCTEMBI ABTOMATHKH.

OcOGEHHOCTRIO CITYTHUKA SIBISETCS JBUraTelbHas yCTaHOBKA, OCHOBaHHAsA Ha
IpUMEHEHHH 3JIeKTpopaKkeTHhIX asuratencit (OPJ) m xceHoHa B KauecTse pabodero
tena. McrounukoM osHepruu, obecneuuBatomuM pabory OPJl, sABisercs cucrema
ANEKTPOTUTAHHUS.

OPJ] oTNMYatOTCS BBICOKUM YACIBHBIM HMITYIbcoM (~ 1500 ¢) 1 uMeroT Malyo
maccy. Tara OPJ] M-70 (OKb «®aken») pasna 4 rp.

JlBuratenpHass yYCTAaHOBKA WCIONB3YETCS Ui JOBBIBEACHHS CIIyTHHKA Ha
reOCTalMOHAPHYIO OpOUTY, KOPPEKIMM ero NojoxeHHs B Touke cTosHHA Ha I'CO n
cTa0uIM3anuy.

B. Usamnn



CucTema 3IeKTpOTTUTaHUS BKIFOYAeT B CBOH COCTaB:

- 6aTapero CONHEUHYIO;

- 6aTapero HUKEIb-BOJOPOAHBIX aKKyMYJISTOPOB;

- aBTOMATHKY.

Conneunnie GaTaped OCHAIAIOTCSA (OTONEKTPHUECKHMMH HpeobpazoBaTeNsMu
Ha OCHOBE KpEMHHUS.

CucreMa TEpMOpETYIMPOBaHKA OCHOBaHa Ha IPUMEHEHUH TEIJIOBBIX TPYO.

1.2. Koncrpykuus MKA.

KOHCTPpYKTHBHO CHYTHHKM JeJATCS Ha JBE YaCTH. YHHBEPCAJbHYIO
xocmuueckyro mathopmy (YKII) co cinyxeOHBIMH CHCTEMaMH M CMEHHBIA MOZYJb
HOJNIe3HON HArpy3kd (OOPTOBYIO CHCTEMY CBSI3M) .

CuyTHuK cBssu umeer QopMmy Omuskylo K KyOmueckoil. OCHOBY CIyTHHKa
COCTaBIAET KOpImyc (epMEeHHOH KOHCTPYKUMH. B meHrpe Kopmyca HaxoauTcs Tpyda
60BIIOrO AHAMETPa, KOTOPast OJHOBPEMEHHO SBIAETCS KOPITyCOM IPHOOPHOTO OTCEKA.
Kpome Toro B TpyGe pasMeinaeTca GamioH ¢ KCeHOHOM, Bxozsmumi B coctas IY. Ha
HapyXHOH MOBEPXHOCTH CIYTHWUKA DPa3MEIIAiOTCs HABECHBIE YCTPOHMCTBA OOpTOBBIX
CHCTEM.

Ha «roxHON» M «CEBEPHON» TPAHAX KOpIyca (HaMMEHOBAHMUS rpaHei CBA3aHbI C
ux opuenTanued npu mrarHoM nonere Ha 'CO) yctaHaBNMuBarOTCS CHEMHBIE NAHEIH-
cGopku ¢ ammaparypoil GopToBbIX perpaHcnaropoB. CHapyXd OSTUX TMameneH
Pa3MEINAIOTCS CONHEYHBIE Garaper CHCTEMBI dIeKTponuTaHus. Ilamenn crabxaroTcs
panuanionnbiMe  TemwtooOMenHukamu  (PTO)  cucrembl  TepMOperyIMpOBaHMs
cnyTHHKA. Ha «BOCTOUHOM» M «3amaJHOM» TIpaHsX pa3MeljaloTCs COOTBETCTBEHHO
IIPHEMHOE ¥ Iepe/atoiee yeTpoiicTsa perpancasTopa C -iuarasona.

VK- Beprukaink, actpogarduk 1 paryux CoJHIA, BXOISIHE B COCTAB CHCTEMEI
YIpaBieHHs [BYDKCHHEM, aHTEHHBIE YCTPOMCTBA peTpaHcisTopoB U Maska Ku -
IMaTa30Ha, anmapaTypbl NOTPeOUTENs COYTHUKOBOW HABUTAllWH, 4acTh AHTEHHBIX
yCTpOHCTB GOPTOBOM ammapaTypbl KOMAaHIHO-M3MEPUTENLHOH CHCTEMBI (BA KUC)
pa3MeNalTCs Ha «3eMHOID) rpaHd. J[Ba MaOHANPABIEHHBIX aHTCHHBIX YCTPOHCTBA bA
KHC pa3mernaroTcs Ha «aBTH3EMHON» TPaHH.

O6uuit BUJ CIyTHHKA IpecTaBieH Ha puc. 1.1.

B. UBamuu




CMYTHUK CBA3N “PYCIAH - MM”

barapes conHedHas

OneKTpopakeTHble PazMaLVOHHbI
ABUraTenu ~~— Faplalonnbin
—~_ / TennooomeHH UK
Aurenwa ANICH _—
\\\
~ \\\
ActpounsmeputenbHas /{\ . AHTEHHb!

cnectema Ku ananasoHa

\AHTEHHbI BOPTOBOIA annaparypbl
KOMaHZ HO-U3MepuTen bHol cucTembl

Puc 1.1

B. UBammn




1.3. OcHoBHbIe navubsie MKA.

OcHOBHBIE TaHHBIE OOPTOBBIX PETPAHCIATOPOB TPEX CyTHHKOB «Pycnan-MM»
(B cymme) npuBesienst B Ta0u. 1.1. B Taba. 1.2 npencTaBaeHb OCHOBHBIE JaHHEIE
CIyTHHKA B 11enioM. CBOJIKAa Mace CIIyTHHKA IpeJicTaBneHa B tabi. 1.3.

Tabmuma 1.1
XapaxkTeprcTHKa PetpancusgrTop
C - nuanasoH Ku - nuanason
Uncno CTBOJIOB 14 22
Momuocts JIBB, Bt 15 20
Yucno xaHanos (64 K6ut/c) 8960 14080
Macca BCC (c anTeHHEIMH yCTpoﬁchaMH)*) 125,0
Duepronorpednenie, Br” 950
*) JUTSL OJTHOTO CITyTHHKA
Tabmyna 1.2
XapaKTepUCTHKA 3HayeHue
Macca cyTHHKA Ha epexofHoi opbute, K& 620
Macca cnyrauxa Ha I'CO, xr 520
Macca nosne3gos Harpysku, Kr 125
MOIIHOCTE CHCTEMEI AJIeKTponuTaHus pu pabore Y ¢ 3250
OPJ1 Ha mepexomHoi opbure, Br ‘
Bpems soisesienns Ha I'CO, cyT. 145
TounocTts HOAAEPXKAHUS ApaMETPOB OPOUTHI O MUPOTE +0,1°
¥ JIOJITOTe
TOYHOCTH OPUEHTANMH ¥ CTAOMIM3AIMH 10 TPEM OCSIM +0,1°
CpoK aKTHBHOTO CYLIECTBOBAHUS 10 set
Op6uTa GyHKIMOHUPOBAHKA reocTaliOHapHas
PakeTa-HOCHTEND «Ctpenay + Pb
Tabmua 1.3
HaumenoBanue Macca, Kr
CnyTHHK Ha IIepexoHoH opouTe 620
Cryrauk Ha I'CO 520
BopTtoBas cucreMa CBsI3H 125
KoHCTpyKI¥s ¢ yCTpOHCTBAMU CUCTEMEI 80
TEPMOpPETyJIMPOBAHHUS
bopToBOH KOMINIEKC YIIPaBICHHS 100
JlpuraTenpHas yCTaHOBKA cyXas 75
CucreMa dleKTPOIHTaHUS 110
BoproBas kaGenbHas CeTh 10
Kcenon, 120
B T.4. KCEHOH JUIsi KOPPEKIMH OpOHUTEI 20
CnyTHMK IOJIHOCTBIO COOpaHHEBIM, HE3aPaBIeHHBIH 500
KCEHOHOM

B. UBammu




Jins peaymsanye  ykasaHHBIX B TabNMIAX — XapaKTEPHCTHK  CIyTHHKA
HEOOXOUMO:

- HCIIOJIE30BATh B €r0 COCTABE amnmaparypy M 3JIEMEHThl KOHCTPYKLHM Ha
COBPECMEHHOM TEXHMYECKOM YPOBHE;

- HCIIONIb30BATH CTA0WIM3AIHIO BPAIlCHHEM IIPH paboTe pasToRHOro 6I0Ka,
4TO TO3BONAT HCKIIOYHTH M3 €r0 COCTaBa Kadalollee COIIo, GOPTOBOH HCTOYHUK
MOIIHOCTH, PYJIEBbIC HPHBOABI M, TAKMM OOpa3oM, 3HAUUTENBHO YMEHBLIIATH MAcCy
KOHCTPYKITHH OJIOKA.

1.4. Besenenne MKA Ha reoctanmonapHyo op6uTy.

Brisenenue cnyrauka cessu (MIC3 Pycnan-MM) Ha reocTalloHapHylo OpOUTy
pakerto#i-HocureneM «Ctpenay, co3faBaeMoii Ha Gase KoHBepcupyeMol paxers: PC-18 ¢
KocMozapoma «CBOGOMHEIED COCTOUT M3 CIEAYIOIHUX YIACTKOB:

- yyacrok paGotet IV I u II crynmenu u AIIB, Ha KoTOpoM ofeciedydBacTcs
BpIBe/ieHHe cBsi3ku MIC3 u Pb Ha onopHyro opOuty. Dueprermdeckue Bo3moxuocti PH
«Crpena» nossonsror BeiBecTH CBsisky UC3 u PB Ha Kpyrosyro onopHyo opbury
BBICOTOH 170 KM M HakToreHneM 52° Maccoii 2100 KT;

- YYaCTOK CTabMIH3HUPOBAHHOTO MACCHBHOIO IOJIETA CBS3KU MO ONOPHOH opbute
J0 UEPECEYCHMS &€ ¢ OKBATOPHANBHOW IUIOCKOCTBIO, JKENATENbHO IIPH BTOPOM
NIEPECEUCHUH B BOCXOSLIEM V3JIE;

- y4actok mepeBoja MC3 Ha mepexonHyl0 BBICOKOIJUIMITHYECKYIO OPOHTY C
napaMeTpamu:

H; = 1700 xuM;
H, = 100000 xuM;
i=52°

Ilpp sTOM TOuUKM mepures ¥ amores IIEPEXOAHOM OpOMTHI JeXaT B TOYKAx
HIEPECEUCHHUS €€ C HKBATOPHATIBHOM IIOCKOCTBIO.

Ileperon HC3 Ha BBICOKO3JUIHIITHYECKYXO MEPEXONHYIO  OpOUTY
OCYIISCTBISICTCS IIYTEM HCIOIb30BaHMS 3HEPTETHKHA TBEPHAOTOILIMBHOIO Pa3rOHHOTO
Oiioxa. B pesynbrare pabotst [IY PP oGecneunBaercs npupamienue ckopoctu 2909 m/c (c
7806 m/c po 10715 wm/c), 9YTO COOTBETCTBYET CKOPOCTM a HEpHree 3aJaHHOM
BBICOKODJUIMIITHYICCKON nepexonuoii opoutel. Ilocne oxonuanus paGoter Y PB MC3
orzensercs or Pb u HauMHaeT IBHKeHHE IO MepexonHoi opbure. Macca UC3 B stoT
MomeHT cocraBisger 620 xr. B cocras MC3 Bxomur OPJIY 1is  ocymecTBiIeHUS
nepexona MIC3 ¢ nepexonol BBICOKOILIMITHYCCKON OPOUTHI HAa TIeOCTAIIAOHAPHYIO
opbury. 3anmac pabodero TomnuBa (kcenona) DPJIY cocraBnser 100 xr. B cocrase
OPHIY 4 onnospemenno pabotaromux Y M70 c¢ Tsaroit 0,004 xr y Kaxmoro u
Ry~=1510c.

Ilpennaraercs cnemyromas IOCHEOBAaTENbHOCT dTanoB mepesoja MC3 ¢
nepexoHo# opbutel Ha ['CO:

Oran 1 — yBenuueHHE BBICOTHI IIEPHUTest 0 BEIMYUHEL, TIe Bo3MOoxeH nonet UC3
¢ paboraromer OPJIY. Ha asror stan oreeseno 2 Butka. DPJ[Y BKiIIOYaroTcs HA
AOpa3roH, Ha yyacTKax rae 3¢¢exTuBHOCTS yBenuueHus nepures ne menee 60 - 70%. B
KOHHOE BTOPOI'O BUTKA BBICOTA IEpHUres mepexonHoi opbutsl gocturaer 1000 kM (puc.
1.2).

Otan 2 — NOBOPOT INIOCKOCTH OPGHTHI MCXOAHOrO HakioHeHHs (i = 52°) mo
COBNAJCHUSA C OKBATOPHATBHOW miuockocTeio (i = 0°). Ha astoM srane tara DPIY
HanpapjIeHa NEPHEHAUKYISIPHO IUIOCKOCTH IIEPeXOfHOM OpOWTEI B  HAlPaBIEHHH




YMEHBUIAIOIEM BEJIMYMHY HakIOHeHus  opbutel.  Ilo pesymprataM — pacueToB
OIIPEAENIEHO, YTO SHEPreTHYECKH BBITOAHO BKIouuTh OPJIY B jmamazome + 30°
YCTHHHOM aHOMAaJIMM OTHOCUTENHHO Touku anores (3 = 150° + 210°). Pemenue 3amau
BTOpOTO O3Tama mnpoHcxomur npu asmwxerun HMC3 B Teuenwe 29 BuTKOB. 3areM
HE0OX0AMMO IEPEHTH K PEIeHHUIO 3a/1a4 TPETHETO 3Tama.

3 sTanm — OJHOBPEMEHHOE YBEJMYCHHE BHICOTHI NEPHUIes M CHIDKEHMS BBICOTHI
amores 10 BeicoThl I'CO, 1.€. mepeog UC3 wa I'CO. Jlns pemenus stoi 3anaun DPJIY
BKJIIOYAIOTCS Ha JOpPasroH B palloHe amoress M Ha TCPMOXXEHHE B paifOHE HEpUres.
[IponomKuTETLHOCTE y4acTKOB pabotsr DPJIY 3amaerca Bemmuuuol 3GdexTHBHOCTH
U3MEHCHUS MapaMeTpOB OpOUTHI

[lpu pemenun 3agayn onrumusarmy ynpasiesus DPIIY GbUln paccMOTpEHb!
K03hQuIueHTH! 3G HEKTUBHOCTH B CHCIAYIOIUX AAANA30HAX:

- xo3pdunuent ysenuuenns BICOTH nepures ot 60% no 90%,
- K03} ¢HUIHEHT yMEHBIICHUS BBICOTHI arorest oT 60% 1o 80%.

Ha nepeop MC3 ¢ nepBoHayanbHOH HEPEXOHHOM BBICOKOIIUIUIITHYECKOM
op6uter Ha 'CO 1pebyercs 145 cyrok.

Ilpu Oonee 3KOHOMHOM pacXoJOBaHHH pabOYMX 3amacoB KCEHOHA BpeMst
nepexoja yBEIMYMBACTCA. OJKOHOMHS | Kr KCEHOHa COOTBETCTBYET YBCIMUYECHHIO
BPEMEHH Ilepexo/ia Ha 3-4 CyTOK.

Jlna ynpaBieHus nosetoM cnyTHuka ¢ Pb ucnons3yroTes TeXHHUECKHE CPeACTBa
M3 COCTaBa CYIIECTBYIOLIEIO Ha3eMHOTO aBTOMATH3MPOBAHHOI'O KOMILICKCA YIPABICHUS
Poccuiickoit ®eneparn.

B cocras HKY BxomaT ueHTp yIpaBIeHHs IIOJIETOM, TEXHHUYECKHE CpEICTBa
Ha3eMHBIX H3MEPHTENBHBIX IIYHKTOB, a TakkKe CYUIeCTBYIOIas CHCTEMa CBS3H H
riepefayy JaHHbIX.

L VII npennaraercs co3gasats Ha 6a3e cpexctB HITO mammHOCTpOeHus, UK Ha
ycnoBusax apesnsl Ha o0bekTe 413 MO (r. Kpacrosmamenck) wim B ITHUHUMALIIL (r.
Kopones).

Jlji1 HEeTOCPEeNCTBEHHOTO YIIPABICHUS HCIONB3YIOTCS TEXHHYECKHE CpEeICTBa
Ha3eMHBIX HM3MEpPHUTENBHBIX IYHKTOB, pasMeuleHHBIX B ropomax Canxrt-Iletepbypr,
HlenxoBo, ManospocnaBen, Eumceick, VYnau-Yae, Komcomonsck-Ha-Amype,
Yccypuiick. "
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2. JlBurareJbHAS YCTAHOBKA

JiBuraTenpHas ycTaHOBKa npennasHadena Juit BeiBeneHus VIC3 «Pycman-MM»
C TIPOMEXYTOUHOM Ha TIeOoCTalMOHApHYI0O OpOMTY, CcTabMIM3aluM B IPOLECCE
BBIBeJeHUs 1 Koppexuuu opOuTet VIC3 B nponiecce GyHKIHOHUPOBaHMS HA OpOHTE.

B JIYV ycraHoBiaenws! 8 CralMOHApHBIX IUIa3MEHHBIX paBurarenc M70,
paspaboranaeix OKB "®axen".

OcHOBHBIM TpeGOBaHHEM K JBUrAaTENIbHOM YCTAHOBKE SBJISETCH BpEMs
(YHKIIMOHHPOBAHUS, KOTOPOE JAOJDKHO OBITH He MeHee 10 yieT, YTo COOTBETCTBYET JUIA
paccmarpuBaemoit J[Y pecypey omsoro msurarens ot 3900 mo 4100 gacoB u 0KoJio
4500 BrIFOUCHUH.

Io maunpiM HUW npukaaanodl MEXaHUKH M 3JIEKTPOAMHAMHKA MOCKOBCKOTO
rOCYIapCTBEHHOrO ABHAIIHOHHOIO HMHCTUTYTA, COOOINEHHBIM B pabodeM MHOpPSIKE Ha
3acegauuu upobiiemuoro cosera Ne 5 HTC PKA 20 maprta 1997 rozga, x HacrosiemMy
BpemMeru Jpurarens M70 umeer pecype 5000 gacos u 6000 BKITHOUCHHIH.

JNeurarenu M70 ycraHaBiuBaloTCS Ha HOOBOPOTHBIX Inmardopmax. ITosopor
nBurarenet obecneunpaer crabunmsanmio u opuenTamuo FIC3 Bo Bpems ux paGoThI
KaK Ha y4acTKe IIepexojia ¢ NPOMEXYTOYHOM OpOUTHI Ha reoCTAllMOHAPHYIO, TaK ¥ Ha
paboueii opbure..

ITo nanupmM OKB "®aken" gpurarenn M70 mpolumy ONHEH 06beM 0TpabOTKH
u ¢ 1982 roma skcmnyarupyrorcs B coctase UC3 pasmmasoro HasHadeHHs. B
HACTOsIIEe BpeMs IIPOSKTUPYETCS UX UCIONIB30BaHue Ha cimyTHHKax "Cesep"”
(paspa6orka HITO npuknagnoit mexanuku) u "SIman-100" u "SAman-200" (paspaborka
PKK "Ouneprus").

3. Cucrema YHIpaABJCHUA ABHKCHHEM

3.1. HaznaueHue # OCHOBHbIE TPEOOBAHHUS.

Cuctema ynpasienus aswienueMm (CVY]]) mpenHassHadeHa ans yIpaBlICHHs
nemwxenneM cnytHuka (MC3) ¢ pasromusmm Omokom (PB) Ha omopHoit opbute u
yIIpaBJieHUs JABMKCHHEM CIIyTHHKA Ha IEPEXONHBIX OpOHTaX M Ha reoCcTallMOHapHOH
opbure.

CY]] nomxHa 00eCcneYnTh:

- geMdupoBaHKE YIJIOBBIX CKOpocTel coyTHuKa ¢ Pb u Ge3 Pb;

- OpHEHTAINIO U YITOBYIO CTa0HIM3AIHIO CIYTHUKA OTHOCUTEIBHO TpebyeMoi
CHCTEMBI KOOPIMHAT ¢ HOrpemHocThIO (3 o) He 6onee:

- 6 ym. MHHYT [ CIyTHHKa OTHOCHUTENIEHO OpOUTANBPHON CHCTEMBI
koopauuat (OCK) Ha reoctanuoHapHoi opOuTe;

- 15 yrn. munyT 1U1d cnytHuka ¢ Pb unu 6e3 Pb Ha omopHO#H ¥ mepexoHbix
opbutax otHocurenbHO OCK MM OTHOCHTENHHO HHEPUHAIBHOW CHCTEMBI KOODIHHAT
(MCK) ¢ ygeToM nporpaMMHBIX YTJIOB IIPH BBIJIAYE Pa3sTOHHEIX UMITYJILCOB TATH,

~ 60 yrn. MuHyT s cnyTtHEKa oTHOcHTenbHO OCK MM comHedHOM CHCTeMEbI
KOOpJMHAT B MHTEPBATIAaX MEX/y BbIJauaMH Pa3rOHHBIX UMIIYIbCOB TATH;

- BOCCTAaHOBJIEHHE OpOUTANBHOM OpHEHTALMM B CIydae ee HeIUTATHOH MOTepH
HJTH IUIAaHOBOT'O HapYyIIEHHS.
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Besenenue cmythuka «Pycmam MMy maccoit 620 xr ocymectBiasercs PH
«Crpenay.

Jlar4ukoBas annapatypa 1ist ynpaBiieHus cIiyTHUKoM | PB ycTaHaBInBaercs Ha
CILyTHHKE.

Yupasnenue cBaskodt cnytHmka ¢ PB  ocymecTBIseTcs € HOMOIIBEO
HCIIOJIHKTENBHBIX OPraHoB, YCTaHOBJIEHHBIX Ha PB, M ¢ ‘noMomplo jgBurareneii-
MaxoBUKOB M OPJ], ycTaHOBIIEHHBIX Ha CIIyTHHKE.

Cpox akTHBHOH dKCIUTyaTanuu coyTauka 10+12 rer.

Vipasienne [JBMKGHHEM NEHTpa Macc cmyTHuka ¢ PB u Ges PB
ocymiecTsisgeTcs no uadopmaru anuaparypsl AIICH u HKY.

3.2. ITpHHIOUITE TOCTPOEHUS CHCTEMBI.

Crpyxrypao CVY]] conepxur:

CHCTEMY opOUTaNIbHOM OpUECHTALIUH, BKJIIOYAIOIYIO KOHTYPHI
aCTPOMHCPHHUANHEHON CHUCTEMBI, KOHTYP KOPPEKUMM THponpubopa OpPHEHTAIMH IO
naryukam CoyHI@ ¥ 3eMIM W KOHTYD KOPPEKIHM [ApOnpHOOpa OpUEHTAIHH IO
JIaTYAKy 3eMIIH;

CHUCTEMY MAaXOBHYHOH YIJIOBOM CTaOMIM3alldd C pasrpy3koil MaxOBHKOB C
niomoinso SPJ;

Cucrema yrnoBo# CTaOWIIU3aIMK MOXET Takke paboraTh 03 MaxOBHKOB IIpU
3aneicTBOBaHMK TONbKO OPJl cnyrmmka u JIY PBb B pexumax pmemndupoBamus
yrJI0BBIX cKopoctell mocne pacuenku ¢ PH u PB, a Taxke B pexxume BoCCTaHOBIICHHS
OPHEHTALMA ¥ B PE3CPBHOM PEXUME YITIOBOU CTaOHIH3AIIHH.

B cocras anmapaTypbl cHCTEMBI OPHEHTAIHH BXOJIT THPOIPUOOP OpHEHTAIHH,
acrpojaTyuky, narumk Comnua, MK-seprukans u [IBM, xoTopas Takxe BXOIHT B
cocraB bBK.

[Ipy HOpManbHOM OpHEHTAIMK CHOYTHHKA HA [COCTAIHOHApHOU opbure
rUponpubOp OpHEeHTAalHH, Koppektupyercs curHanamu VIK-peprukand, mo KpeHy u
TaHraXy ¥ cUrHajgaMu gatyuka ComHna 1mo Kypey, obecrednBas TpeGyeMyIo TOYHOCTb
OpHCHTAIHH.

4. HopToBoii BLIYHCIUTEILHLIA KOMIJIEKC.

4.1. Haznauenue 60pT()BOFO BBIYHUCJIIUTCIIPHOI'O KOMILJICKCA.

BbBK npenna3nadeH i obecricaeHUs pelleHMs BCeX 3ajad, BO3JIaracMbIX Ha
BKY, mia yero nomxen obecreunBaTh:

- obmeH uHpopmanuei ¢ KMK Ha Beex sTamnax Ha3eMHbBIX OTpabOTOK;

- IIpH¥EM, XpaHeHHe B 0TpaboTKy pabounx nporpamm, npuHAThIX ¢ HKY;

- obecrieveHye IpeiCTapTOBBIX IIPOBEPOK U YJACTKA BELIBEHEHHUS;

- ypasiieHde O0pTOBOH annaparypoii;

- IMaTHOCTHKY  cocTosHusl  OOpTOBOM  ammaparypbl 1O  JaHHBIM  OT
TEJIEMETPUIECKON CHCTEMBI M TIapaMeTpoB, octynatoomux B BBK;

- opranm3aimio ceanca ¢ AIICH u npuem nanspx ot AIICH;

- pelIeHHE 3a/1a4 B KOHTYPE CHUCTEMBI YIIPABICHUS IBHXECHUEM;

- pacyeT U NPOBEJICHUE UMILYJIECA KOPPEKIIUY;




- BeZieHne OOPTOBOH IIKaJIbl BpEMEHH;
- OpraHM3aIHMIo ceancoB cBazm ¢ HKY;
- IPOBEJIEHHE TECTUPOBaHUS COOCTBEHHOU paboTOCIOCOOHOCTH;

- cOpoc nuarnocTHYeckoi uHpopmamuu Ha HKY uepes obpaTabli kaman BA-
KWC unu gepes panuoxanan 5CC;

- ipueM ¢ HKY HOBBIX IIporpaMMHBIX MOJIyJI€l, XpaAHEHVE U UCIIONHEHHUE HX;
- IPOBEJICHUE CBepKU GopToBo# mKans BpeMeny ¢ HKY i ATICH.

4.2. Xapakrepuctuky BBK.

Jns obecrieyenust 3aJaHHOTO CPOKA aKTHBHOTO cymecTBoBanus 10+12 ner BBK
CTPOHUTCS IO TPEXKAHATBHON CXEME Ha OCHOBE BBICOKOHAJIEKHBIX TIIAT aMEepPHKaHCKOM
Gupmbt  OCTAGON SYSTEMS. TpeGyeMbIM TEXHHUECKHM XapaKTEPHCTHKAM
oTBe4aeT GopToBOM KoHTpoiep paspabotkr PHUM KII. O6mas macca BBK (ma
OCHOBE 60PTOBOro KOHTpOILIEpa) 6e3 yueTa MacChl paMbl IS 3alHTHI OT ECTECTBEHHON
panuarm 11 xr m ob6sem 20 n. Ilpu mpumenenuw 3ammrTHOM pamsl Macca BBK

ysenmuuauTes npumMepHo Ha 30%. TakroBas gactora mpoueccopa 25 Mru, notpebiienue
bBK cocraBnser 16 Barr.

5. KomanaHo-N3MepHTEILHAS CHCTEMA.

B kauectBe bBA KHWC mnpeanaractcs #Cmoss30BaTh annaparypy HapogHO-
Xo3siicTBeHHOr0 HasHaveHus tina L{A 907 paszpadorku PHUM KII, r. Mockaa.

OCHOBHBIE TEXHHUYECKHE XapaKTePUCTUKH.

1. Macca annapatypst LA 907 (6e3 ADY) ¢ pamoii - 55 kr.

Ilpu yrouneHMM pa3MeINeHUs Ha CIlyTHHKe H mocTtpoenms ero BKY wmacca
anmapaTypbsl MOXeET ObITh CHHXeHa 710 50 Kr.

B nacrosmee Bpemss B PHUUY KII npoBoasitcs paboTsl 1o paspabotke 60pToBOH
anmaparypsl Ha COBPEMEHHOU 3jeMeHTHOH 0a3e (B TOM 4MCie M C HCIONB30BAHUEM
3apyOexHoOM osnmementHOM ©Gasel). Macca BA  KUC, pa3paborky koropoi
IPE/IIOIaraeTCs 3aRepIIUTE UCIBITAHUAMH ONBITHBIX 00pasnoB B 1998-99 roxax, 6yner
coctaBnaTh 30-40 xr.

2. Yucno KoMaHJ B CHCTEME:

HanpspbkeHus 27 B —214;

B BHJIE KOJIOBBIX CUTHAIOB — 255.

6. Cucrema 3/1eKTPONHTAHMA.

Bce cocrapupie uwactH COII paspabareiBarorcs Uil YCTAaHOBKH HX BHE
repMOKOHTEHHEpa.

ITo ¢ysxmmonaneEoMy HazgaueHuio COII menuTes Ha CAEAYIOIUE COCTaBHBIE
YaACTH:

1) 6atapes conseunas (bC);

2) 6atapest XMAMHUYECKUX akKyMyIsTopos (BXA);

3) anmapatypa yrpapIeHus 1 XOHTpons sHepruau (AVKD);

4) mexOmounas xabensHas cets (MKC);

5) anmapatypa yupasnenus bC
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Ocnosubie napamerpsl COII 10i1ydYens! B pe3yasTaTe pacueToB Juis paboTs 4-X
OPJL.
AHalM3  UHKIOTPaMM  SHEProHOTPeOJNEHMs IMO3BONAET  BBIIENMTH  TPH
XapaKTEePHBIX YPOBHA:
1) snepronorpebmenne BKY mpu mpesctaproBoif MOAroToBKE M Ha ydacTKe
BBIBEJICHUS Ha OIOPHYIO OpOHUTY B TeueHue 2 yacoB — 160 Br;
2) sHepronoTpeONeHHe Ha NEPEeXOAHBIX opbuTax B TeueHue 145 cyTok —
2840 Br;
3) snepronorpebnenue Ha ['CO (TUTIOBEIE CYTKH):
IIOCTOSIHHOE Ha OCBELICHHBIX yyacTKax opoutel — 1110 Br,
TIOCTOSIHHOE Ha TEHEBBIX yyacTKax opbutsl — 900 Br,
JIONIONTHATEBHOE — BKJOUeHHe OfHOro OPJI TOMRKO HA OCBEIIEHHEIX
y4acTkax OpOHTEI ¢ MOIIHOCTHIO HoTpeGienus 670 BT 18a pasa B CyTKH 10
70 MEHYT KaXJ10€.
Besi xoomepauust cospamus COIT ma HITO MAalIXHOCTPOCHHUS CJIOJKHIIAach B
OCHOBHOM ¢ Havdana co3ganua MC3 “Ammas”, u umeer onsir cozmaums COII mis
APYTUX KOCMHYECKHX CHCTEM.

7. Pasrouunlii 610K

| PaxeTHeli gBUraTeNb TBEpIOrO TOIUIMBA NPEAHA3HAYEH IS HCHOJL30BAHHUS B
KayeCTBEe pasrOHHOTO 6J10Ka TS BEIBOJIA HA OKOJIO3eMHYIO OPOMTY CIHYTHHKOB CBA3H.

Texnuueckne pemeHHs, HCIONB3YEMblE B KOHCTPYKTHBHO-KOMIIOHOBOYHOM
CXeME JIBUraTe s, IPOILIM OJIHBIH 00BhEM HAa3EMHBIX U JIETHBLIX UCIILITaHHH.

KoHCTpyKTHBHO-KOMIIOHOBOYHAS cXxeMa japurareieil (puc. 7.1) Bkarogaer:

-KOpPITyC M3 OpPraHOILIACTHKA C 3aJIUBHBIM 3apsoM TBEPAOrO TOIUIMBA MAapKd
H1VII knacca 6ezonacuocty 1.3;

-CHCTEMY 3aIIyCKa U IIPEIOXPaHCHUS OT HECAHKIIMOHHUPOBAHHOTO 3aITyCKa |

-CTallMOHApHOE COIUI0, OOECHeYHBaroNIee BBHICOKHN YACHBHBIA HMIYIbC [pU
OTHOCHTE/ILHOM CTeneHn paciupenud dy/dgp= 8.

Kpennenne OT/ETSIEMBIX 6110KOB OCYIIECTBICHO nupoboiTamuy,
HCKIIIOYAIOIHUMK BBIOPOC OCKOJIKOB M ra30B IpH UX cpabaTeiBaHMM. Macca KaIoro
napobonrta ~0,5 Kr.

Kaxnpni nBUrTaTent mnociie YCTAHOBKM M IEHTPOBKM M3/ENHS B IEJIOM HMEET
BO3MOXXHOCTB OCYIIECTBIISITH HABOJKY BEKTOpA TATH B LIEHTP Macc.

OCHOBHbIE XapaKTEPUCTUKH U rabapUTHBIC pa3Mepbl ABHraTels IIpeJICTaBlIeCHbI
Ha puc. 14.1.

Ipenmonaraemas Koonepanus pa3paboTUUKOB H H3TOTOBUTEIICH:

- koprryca PIITT c commom — HITO «Mckpay;

- mupobonte! — HITO MammuOCTpOCHNUS;

-3apsjibl W BociiameHureny — OenepanbHbll LEeHTp ABOMHEIX TEXHOIOTHH

«Coros».

8. Koonepanus 0CHOBHBIX HCIIOJIHUTEIEH

B paspabotke cuctem u arperaroB MKA nmpuamManu yyacTHe psia BeXylUuX
npexnpustuit:  HAM Onexrpomexanuxu», HWKH, HIIO «®aken», PHWUKII,
HITO «Mckpa» (r. ITepms), uMeromue GONBIIOH ONBIT U 3aJeN 10 CO3IaHUI0 U3enuit
JUISL KOCMAYECKON TEXHUKH.
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Introduction

The following materials present the results of the work on defining basic characteristics
of a small communication spacecraft Ruslan-MM.

1. Small communication spacecraft (SSC)

1.1. Composition of the spacecraft.
The satellite includes:

- a body

- an onboard communication system (OBCS)
- an onboard control complex (OBCC)

- a propulsion plant (PP)

- a power supply system

- a thermal control system (TCS).

The onboard control complex includes the following systems:

- an onboard computer complex (OCC)

- a motion control system (MCS)

- onboard equipment of the comand and measuring system (OBE CMS)
- a telemetry system

- satellite navigation user equipment (SNUE)

- onboard automatics equipment.

A specific feature of the satellite is the propulsion plant based on the use of electric
rocket engines (ERE) and xenon as a working medium. The power supply systems

serves as a source of energy to ERE.

ERE are characterized by a high specific impulse (~ 1,500 s) and small mass. The thrust
of ERE M-70 (Fakel Design Bureau) is 4 grams.
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The propulsion plant is used for imparting additional acceleration in order to put the
satellite to the geostationary orbit (GSO), to correct its position in the orbital slot and to
control its attitude.

The power supply system includes:

- a solar panel/battery
- a Ni-H chemical storage battery
- control relays.

The solar panels are fitted out with silicon-based photovoltaics.
The thermal control system uses heat pipes.
1.2. SSC design.

Structurally, the satellites are divided into two parts: a universal space platform (USP)
with service systems, and a replaceable payload module (onboard communication
system).

The communication satellite has a shape close to that of a cube. A body presenting a
truss structure is a basis of the satellite. A large-diameter tube that serves as a body for
the instrument compartment is located in the center of the body. Besides that, the tube
houses a xenon tank that forms part of the propulsion plant. The onboard system
elements are mounted on the outer surface of the satellite.

Removable panel assemblies with onboard repeater equipment are mounted on the
“southern” and “nothern” faces of the body (face names are related to their otientation
during a standard flight on GSO). Solar panels of the power supply system are located
on the outer surface of these panel assemblies. The panels are provided with radiation
heat exchangers (RHE) of the satellite’s thermal control system. The C-band receiver
and transmitter are located respectively on the “eastern” and “western” faces.

The IR vertical, the star-tracking sensor and the solar sensor that form part of the motion
control system, antennas of the repeater and the Ku-band beacon, satellite navigation
user equipment, a part of antenna arrays of the onboard equipment of the command and
measuring system (OBE CMS) are located on the “earth” face. Two wide-beam OBE
CMS antenna arrays are located on the “anti-earth” face.

A general view of the satellite is shown in Fig.1.1.
1.3. Basic SSC specifications.
Basic data of the onboard repeaters of three Ruslan-MM satellites (taken together) are

given in Table 1.1. Basic data on the satellite itself are given in Table 1.2. The satellite
mass budget is given in Table 1.3.
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Table 1.1.

Specification Repeater
C-band Ku-band
Number of transponders 14 22
TWT power, W 15 20
Number of channels (64 Kbit/s) 8,960 14,080
Mass of OBCS (with antenna arrays) 1250
Power consumption, W* 950
*) For one satellite
Table 1.2
Specification Value
Satellite mass on the transfer orbit, kg 620
Satellite mass on GSO, kg 520
Payload mass, kg 125
Power of the power supply system during operation
of the propulsion plant with ERE on the transfer 3,250
orbit, W
Time required to put the satellite onto GSO, days 145
Accuracy of maintaining orbit parameters in +0.1°
latitude and longitude
Orientation and stabilization accuracy in three axes +0.1°
Lifetime 10 years
Operational orbit geostationary
Launch vehicle Strela + boost stage

Table 1.3
Description Mass, kg

Satellite on the transfer orbit 620
Satellite on GSO 520
Onboard communication system 125
Thermal control system 80
Onboard control complex 100
Dry propulsion plant 75
Power supply system 110
Onboard cable network 10
Xenon including xenon for orbit correction 120

20
Fully assembled satellite without xenon 500

In order to implement the above satellite specifications, it is necessary:

- to use modern equipment and structural elements

- to use spin stabilization during operation of the boost stage which will allow to
exclude a swivel nozzle, an onboard power source, actuators, thus considerably reducing
the stage mass.
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1.4. Putting SSC onto the geostationary orbit.

Putting the communication satellite (Ruslan-MM) onto the geostationary orbit from the
Svobodny Cosmodrome by the Strela launch vehicle being created on the basis of the
RS-18 ballistic missile consists of the following phases:

- a phase of operation of the 1st and the 2nd stage PP and autonomous instrument unit
PP which enables putting a cluster of the satellite and the boost stage (BS) to a reference
orbit. Strela LV lifting capacity allows to put a cluster of the satellite and BS having a
mass of 2,100 kg to a circular reference orbit with an altitude of 170 km and inclination
of 52°;

- a phase of a stabilized passive flight of the cluster on the reference orbit till its crossing
with the equatorial plane, preferably during the second crossing on the ascent leg;

- a phase of satellite transition to a highly elliptical transfer orbit with the following
parameters:

Hr= 170 km
H,, = 100,000 km
1=52°

The perigee and apogee points of the transfer orbit lie in the points of its crossing with
the equatorial plane.

Transition of the satellite to a highly elliptical transfer orbit is performed by the solid-
propellant boost stage. Its engine imparts velocity acceleration 2,909 m/s (from

7,806 m/s to 10,715 m/s), which corresponds to the velocity in perigee of the preset
highly elliptical transfer orbit. After the boost stage PP is shut off; the satellite separates
from the boost stage and starts its motion along the transfer orbit. The satellite mass at
this moment is 620 kg. The satellite includes an electric rocket propulsion plant (ERPP)
needed for transition from the highly elliptical transfer orbit to the geostationary orbit.
The amount of xenon for ERPP is 100 kg. The electric rocket propulsion plant includes
four simultaneously operating EREs M70 with a thrust of each equal to 0.004 kg and
Rypec = 1,510 s.

The following sequence of the phases for transition of the satellite from a reference orbit
to GSO is proposed:

Step 1: Increase of perigee to a value where a flight of the satellite with operating ERPP
is possible. Two revolutions are allocated to this phase. ERPP is ignited for boosting, at
phases where efficiency of the perigee increase is not less than 60-70. At the end of the
second revolution the perigee altitude of the transfer orbit will be 1,000 km (Fig. 1.2).

Step 2: Turn of the orbit plane with initial inclination of 52° until it coincides with the
equatorial plane (i=0°). At this step, ERPP thrust is directed normal to the transfer orbit
plane in the direction that dicreases orbit inclination. It has been calculated that, from
the point of view of energy consumption, it is preferable to ignite ERPP in the range of
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+ 30° of the true anomaly with respect to the apogee point (8 =150° + 210°). The
second step will be completed in 29 revolutions of the satellite.

Step 3: Simultaneous increase of perigee altitude and decrease of apogee altitude to
GSO altitude, i.e. satellite transition to GSO. To solve this task, ERPP will be ignited to
boost the satellite in the vicinity of apogee and to decelerate it in the vicinity of perigee.
Duration of the phases where ERPP will operate is determined by the efficiency of orbit
parameters change.

The following ranges of efficiency coefficients were considered in the process of
solving the task of optimizing ERPP control: ',

- a coefficient of perigee altitude increase from 60% to 90%,

- a coefficient of apogee altitude decrease from 60% to 80%.

It will take 145 days to transfer the satellite from the initial highjly elliptical transfer
orbit to GSO.

With more economical consumption of xenon, transfer time will increase. Economy of
I kg of xenon corresponds to increase of transfer time by 3 to 4 days.

2. Propulsion plant

The propulsion plant is designed to transfer the Ruslan-MM satellite from an interim to
the geostationary orbit, to stabilize it in the process of transfer and to correct the satellite
orbit in the process of its functioning.

The propulsion plant has eight M70 stationary plasma engines designed at the Fakel
Design Bureau.

The main requirement to the propulsion plant is functioning time that sould be not less
than 10 years which corresponds, for the propulsion plant under consideration, to the
lifetime of one engine from 3,900 to 4,100 hours and about 4,500 ignitions.

According to the data of the Research Inctitute of Applied Mechanics and
Electrodynamics of the Moscow State Aviation Institute disclosed at the meeting of the
problems council No.5 on March 20, 1997, currently the M70 engine has a lifetime of
5,000 hours and 6,000 ignitions.

The M70 engines are mounted on turnable platforms. The turn of the engines ensures
satellite stabilization and orientation during their operation both at the phase of transfer
from the interim orbit to GSO and on the working orbit.

According to the data presented by Fakel, M70 engines have undergone a full cycle of
tests and since 1982, they have been used on different satellites. Currently, they are
planned to be used on such satellites as Sever (developed by NPO of Applied
Mechanics) and Yamal-100 and Yamal-200 (developed by the Russian Space
Corporation Energia).
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3.1. Designation and basic requirements.

The motion control system (MCS) is designed to control the motion of the satellite with
the boost stage on the reference orbit and to control its motion on transfer orbits and on
the geostationary orbit.

MCS must provide:
- damping of angular velocities of the satellite with.and without the boost stage (BS);

- orientation and angular stabilization of the satellite relative to the required coordinate
system with an error (36) not more than:

6 angular minutes for the satellite with respect to the orbital coordinate system
(OCS) on the geostationary orbit;

15 angular minutes for the satellie with or without BS on the reference and transfer
orbits with respect to OCS with consideration to programmed angles during generation
of acceleration thrust impulses;

60 angular minutes for the satellite with respect to OCS or the solar coordinate
system in the intervals between generation of acceleration thrust impulses;

|
3. Motion contrel system .
|

- restoration of the orbital orientation in the event of its non-standard loss or planned
violation.

The Ruslan-MM satellite with a mass of 620 kg will be launched by Strela LV.
Sensors required to control the satellite and BS are mounted on the satellite.

The cluster of the satellite and BS is controlled by actuators mounted on BS and by
flywheel engines and ERE mounted on the satellite.

The satellite lifetime is 10 +12 years.

Control of the satellite center of masses mtion with or without BS is performed based
upon information from the satellite navigation user equipment and ground control
complex.

3.2. Principles of the system building.

Structurally MCS includes:

- an orbital orientation system that includes loops of the astroinertial system, a loop of

correction of the gyro device of orientation by sensors of the Sun and the Earth, and a
loop of correction of the gyro device of orientation by the sensor of the Earth;

- a flywheel angular stabilization system with flywheel unloading with the help of ERE.
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The angular stabilization system can also function without flywheels using only the
satellie ERE and BS PP in the modes of damping of angular velocities after separation
from the LV and BS as well as in the mode of restoration of orientation and in the
standby mode of angular stabiliszation.

The set of equipment of the orientation system includes a gyro device of orientation,
star-tracking sensors, a sun sensor, an IR vertical and a computer that also forms part of
the onboard computer complex.

With normal orientation of the satellite on the geostationary orbit, the gyro device of

orientation is corrected in roll and in pitch by signals from the IR vertical and in course
by signals from the sun sensor, thus providing required orientation accuracy.

4. Onboard computer complex

4.1. Designation of the onboard computer complex.

OCC is designed for helping the onboard control complex in solution of its tasks. To do
that, it must provide:

- data exchange with the command and measurement complex (CMC) at all phases of
ground tests and checks;

- reception, storage and execution of working programs received from the ground
control complex (GCC);

- pre-launch checkouts and the boost phase;

- control of the onboard instruments/equipment;

- diagnostics of the onboard equipment/instruments state by the data from the telemetry
system and parameters coming into OBCC;

- organization of a communication session with the satellite navigation user equipment
(SNUE) and data reception from SNUE;

- calculation and execution of the correction impulse;

- keeping the onboard time;

- organization of communication sessions with GCC;

- self-testing;

- downlinking giagnostic data to GCC through the return channel of the onboard
equipment of the command and measuring system (OBE CMS) or through the radio
channel of the onboard communication system (OBCS);

- reception from GCC of new program modules, their storage and execution;

- checking the onboard time with GCC or SNUE.

4.2. OBCC characteristics.

In order to ensure its lifetime of 10 + 12 years, OBCC is built using a three-channel
scheme on the basis of highly reliable boards manufactured by OCTAGON SYSTEMS.
The onboard controller developed by RNII KP meets the required specifications. The
total mass of OBCC (on the basis of the onboard controller) without the mass of the
frame for protection agains natural radiation is 11 kg and the volume is 20 1. If a
protective frame is used, the OBCC mass will increase by about 30%. The processor
clock frequency is 25 MHz, its power consumption is 16 W. -
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5. Command and measurement syster

It is proposed to use general purpose equipment of the type I{A 907 developed by RNII
KP, Moscow as OBE CMS.

Basic specifications.
1. Mass of ITA 907 equipment (without an antenna feeder device) with a frame is 55 kg.

In finalizing arrangement of OBE CMS on the satellite and building its OBCC, the
equipment mass can be brought down to to 50 kg.

Currently, RNII KP is developing onboard equipment using modern components
(foreign chips). The development phase and tests are planned to be completed

in 1998-99. OBE CMS mass will be 30-40 kg.

2. Number of commands in the system:

- in the form of 27V voltage - 214;

- in the form of coded signals - 255.

6. Power supply system.

All PSS component parts are developed to be mountedoutside the pressurized contairner.
Functionally, PSS is divided into the following basic parts:

1) asolar panel (SP);

2) a chemical storage battery;

3) power control equipment;

4) inter-unit cable network;

5) SP control equipment

Basic PSS parameters have been obtained as a result of calculations for operation of
four ERE.

Analysis of consumption cyclograms allows to identify three characteristic levels:

1) OBCC power consumption during pre-launch preparation and boost phase during two
hours - 160 W;

2) power consumption on transfer orbits during 145 days - 2,840 W;
3) power consumption on GSO (a typical day):

- constant consumption on illuminated parts of the orbit - 1.110 W,
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- constant consumption on shaded parts of the orbit - 900 W,
- additional consumption, i.e. ignition of one ERE, only on illuminated parts of the orbit
with power consumption 670 W twice a day, 70 minutes each time.

The subcontractor network for PSS creation basically was formed when the Almaz
program started, and it has experience in PSS creation for other space systems.

7. Boost stage

A solid-propellant rocket motor (SPRM) used as a boost stage to put communication
satellites to the Earth orbit.

Technical solutions used in the motor design and configuration have been fully ground
and flight tested.

The design and configuration schematic of the motor includes:

- a body made of organoplastic with a solid-propellant charge, brand N1UP, safety class
1.3, poured into it;

- a system of ignition and prevention of non-authorized ignition;

- a stationary nozzle that provides high specific impulse with relative degree of
expansion dg/d¢, = 8.

Separatable units are fixed by pyro bolts (four bolts ) that contain fragments and gases
after actuation. The mass of each pyro bolt is ~ 0.5 kg. _

Each motor has, after mounting and satellite centering, a possibility of directing the
thrust vector into the center of masses.

Basic specifications and dimensions of the motor are given in Fig. 14.1.
The proposed subcontractors include, in particular:
- SPRM bodies with a nozzle - NPO Iskra;

- pyro bolts - NPO Mashinostroyenia;
- charges and igniters - Federal Center of Dual-Purpose Technologies “Soyuz”.

8. Main subcontractors

A number of leading enterprises took part in development of SSC systems and
assemblies: Research Institute of Electromechanics, Institute of Space Research (IKI),
NPO Fakel, RNII KP, NPO Iskra of Perm that have big experience and technological
heritage in creation of spacecraft and their components.
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AHAJIN3 HI3KOOPBUTAJILHBIX CUCTEM ITEPCOHAJILHOM
CIHYTHUKOBOMH CBSI3U, COJAEPKAUUX PA3TNYHBIE THUIIbI
PETPAHCJIAATOPOB

I"'N.Ty3o0B
LHIHNmamx
141070, r.Kopones, MockoBckas 00IacTh,
yir. ITuonepckas, a.4; ten. (095) 513-44-42.
®axc: (095) 251-14-96

Beenenne. Havanbuelil 9Tan pazBuTHA HU3KOOPOUTAIILHBIX CHCTEM IMEPCOHANb-
Hoi cnytaukoBoii cea3u (HCIICC) zaBepuiaercd pa3sBepThIBAHUEM JABYX MEPBBIX CHU-
cteM - “Iridium” n “Globalstar”. 310 cOOBITHE 3aCTABIACT MEPEOCMBICIIUTD NEPCCK-
TUBBI CO3HAHUS HOBBIX CHCTEM IT0JO0HOTO Kiacca. IIpencraBiagerca, YTO KOHKYpeH: -
trocnocobnocts HCIICC, co3maBaeMbix B IO3JIHHE CPOKH, MOXKET ObITb HJOCTUIHYTa
TONBLKO 3a cYeT Goliee BHLICOKHMX MOTPECUTENLCKMX KauecTB U BBICOKOW peHTabeln-
HOCTH, 9TO OyAeT JOCTUIHYTO B PE3yJIbTATE BHEAPEHMA OPHUIMHAIBHBIX TEXHONOIHIA 1
HOBBLIX Hay4HO-TeXxHHYecKuX uaed u npuHuunos (HOY-XAY). ITonumas 310, MBI 32
MOCHEIHNE TOABI MOMYHMIIM 4Yerhipe PoCCHiiCKMX MateHTa, EBPONATEHT W MATCHT
CILIA, xoTOpHI€ OBIIN YIOCTOSHBI ABYX 30JIOTHIX Meaalieil Ha BproccenbCcKkoi BLICTaB-
Ke JIy9HIux u3ooperennii Mupa.

Llemsro moximama OyAeT COMOCTABIIEHUE MO MOMEXOYCTOMYMBOCTH M HEOOXomM-
MOMY YPOBHIC MOILHOCTH mnepemaTduka aboHeHTckoro rtepMuHana (AT), onpenensro-
LIEr0 3KOMOTHYECKYKo Oe3omacHoCTh aboHeHToB, aByX BapuaHToB HCIICC, ucnomns-
3YIOIIUX pa3Hbie TUIBI perpancaaTopos (PTP):

e npo3paunkli PTP (nporotun cucremnl “Globalstar”) ;

oPTP ¢ cuHxpoHHo# o6paGoTtkoid Ha 60opTy curHamoB oT Bcex AT (mporoTumnm

CHCTEMBI, PEaTM30BAHHOM MO NATCHTaM).

B stux Bapuantax HCIICC ucnons3yercs KOZOBOE YILIOTHEHHE, 9TO obecneyu-
BaeT aPKBATHOCTh CpaBHeHusA. OcraHOBUMCA Ha Hanbomee 3P PEKTUBHBIX BHAAX IO-
mex. Jims HCTICC ¢ npo3payHbIiM peTPaHCIATOPOM HAa HHTEPMOXYIALMOHHBIX (M)

[oMexax, BOSHHUKAIOLIUX Ha HeIMHeWHOCTAX peTpancisaTopa, a i HCIICC ¢ ob6pa-



OOTKOU CMTHATIOB HA OOPTY - HA UIyMOBBIX NMOMEXaX, YIUThIBAsA TMHEMHOCTb TpaKTa
06paboTku curHaios B guanaszone (40+60) nb.

PesyabraTel anamm3za. /st cucrem ¢ mpospaunbiM PTP 3anumem mpouecc Ha

exome PTP (puc.1)
S =S, ) +S;(H)+S, O +n, ), (1)

rae: Sk(t) - moJre3Hblid curHain k - ro aboxeHra,
Sj(t) - akTUBHAA MOMeEXa;

N
S, )= X8S,(t) - Bce curnansl aGOHEHTOB CBsA3U, KpoMe K-ro;

=y

n,(t) - QoK TYalMOHHBIH IYM.

B pesynpTate cimoxHbIx npeoOpa3oBaHUi 3anUIIEM OKOHYATEILHOE BHIPAXKECHUE

JULA BEPOATHOCTH OIMOKU Ha ogun OuT undopmauuu (BOB) [1]

172
p E
Pe:lfcl) (2 5) [I-Ipxoccosy] Y 2

7o v, . _

rae: Es - omeprua na 6ur; [ =A, /A, - omHowenne ammmTyx HauGomnee

cumbHOU MIM cocrtapmsroineit u k-ro curnana »a spixone PTP, V, - 9KBUBAICHTHLIHA
HIYM;

a=smQT /QT, ; Q=0Q;—Q,; Tc- mmrensHocTs cumpoia uudopmanuu, 5, Qx -
4acTOTHI TOMEXH U K-ro curuana.

D) =[1/@p)" | Texpl-y* /21dy

Ha puc.2 noctpoensl 3aBucumoct Pe = f (Aj / Ax )? 19 HECKONBKMX 3HAYECHHUI
q=Es/ ve,
H3 PacCMOTPEHHUA KOTOPBIX cruenyer, 4yro npu Ip = (0,2+0,5) kadecTBO BBIIECTHCHUSA

MH(pOpMaALUU PE3KO YXyIIMASTCs, HE3ABUCMMO OT YMCIA JJIIEMEHNTOB KOJOBOM MOCIe-
nosarenbHOCTH (i 6a3pt B=2FT curnasna).
Yxenpu (P; /Pc ) 29a6. BOB mamaer no P > (10-2 + 10 -!), 9o cBHAE-

TEAbCTBYCT O NPAKTUYCCKU ITOJIHOM ITOJaBIICHUH PIH(bOpMaHIdOHHOI‘O KaHala.
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OpHako BO3MOXHO (popMHpoBaHue elle Goiee SHepreTHuecku 3PPexTUBHBIX
npepbBUCTLIX VIM moMex, KOTOpHIE LEenecoo0pasHO NMPUMEHATL KaK JUIsd MOJABJICHUA
OMHOYHBIX KAHAJIOB, TAK M BCEX KAHAIOB, pa3meleHHbIXx B crBoe PTP. Tak, B cTBO-
ae PTP cucremsr “Globalstar” moxet 6b1Th pa3mertieHo oT 20 10 57 KaHaIOB.

Cpennss BeposaTHocTh omubku Ha 6ut (CBOB) 6yner pasHa

12

p =1li-Lfr
< Q i)

2B
\%

8

(1~Ipoc cos<p) do |, (3)

e

rae Q - CKBaXXHOCTDb MPEPHIBUCTON IIOMEXH.
OrnTuMaIbHOE 3HAYEHUE CKBAXXHOCTH NIOMEX PaBHO
Q,..=003BP, /P,), “)
rae Pjo, - cpeHas MOIMHOCTD [IOMEXH.

Ha puc.3 npuBeIcHbI 3aBUCMMOCTH, XapaKTEPU3YIOUIUE MOMEXOYCTOHYMBOCT
KaHana (KaHaJIoB) rpu npepeBHcTLIX MMM noMexax.

DHepreTMYecKuii BHIMIPhILI npepbiucToil VMM nomexu OTHOCHTENBHO HeEnpe-
PLIBHOIO aHaM3a MeHseTcs B quanasone (10+40) pas.

OJHAKO NPOBEACHHBI aHAMM3 He 3aTparusain BiausHua MM nomex Ha KaHal
CUHXPOHU3AIMH ; 9TO OOBACHAETCA TPYAHOCTAMM MOIYyYSHUA AaHATTMTUIECKUX Pe3ylIb-
TaToOB B 3aMKkHyTOl (opme. Hamu Gbumn npobenensl GONbIIME IKCIEPUMEHTAILHBIC
MCCIICIOBAHMA, KOTOPEIE CBUIECTEILCTBYIOT 00 MCKIXOYUTEIBHO CUIBHOM BIMAHUU
VM nomex Ha KagecTsO paboThl KAHAJIOB CUHXPOHU3ALMHM, BKI¥O4Yas HOIHYIO NOTEPIO
CHHXPOHM3AIMHU, Korga Pe=~ 0,5. [To3TOMy NpOBEIEHHBIH aHAIMTUYECKUI aHAI3 BbI-
ABWI JIMIIb HUXKHIOK Tpanuuy 3¢gdgexmusrocty VIM noMex (MM BEPXHIOI IPaHULLY
MOMEXOYCTONYMBOCTH Iepeadun).

Baxmnoii xapakrepuctuxoit HCIICC saBmsaercs HeoOXOmMMBbId ypOBEHb MOII-
HoCTH, M3Iydaemblii nepexatunkamu AT. Tlpu manbix 3Havenmsx BOB nponyckHas

cnoco6uocTs HCTICC ¢ 06paboTkoli curHainoB Ha GopTy u ¢ mpospaunbiM PTP Oyxyr

paBHBI

Ninax = B/q (5)
N = Nmax - Pux Ke/Pen- Pmp Ko/Pex
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riae K. xo3¢p¢uuuent nepepacnpeneieHis MOIHOCTH CUTHATIA HA HEMMHEAHOCTH
PTP,
Pex - MOIIIHOCTH cUTHANA K-I'0 KaHaa.

N3 (5) npu Pux = Puyp momyuum
P'a= Pus/ N max, Pex = 2 Puw Ko/ Nimax - N)

B pesymbraTe OTHOWIEHME MOIHOCTEH mnepexaTynkoB AT aByx paccmarpu-

BAa€MBIX CUCTEM 3allvulIcM B BHJIC:
Per/P = 2 Ko/ (1-N/Nmax) (6)

[Tpunse (kax B cucteme “Globalstar”) N/Numax= (0,5+0,6), K¢ = 2, moxyunm
Pu/P' ek € (8+12), 4TO CBUIETENHCTBYET O BO3MOXHOCTAX 3HAYUTEHILHOTO CHUXKE-

Husa MmowHocTu nepepatanka AT 8 HCTICC ¢ o6paboTkoii curnanos Ha 6opty PTP.

3axmouenne. Taxkum oOpa3oM noxaszaHo, 4To paboTa KaHAJIOB CHCTEMBI CBARM C
MPO3PaYHBIM PETPAHCIITOPOM MOXKET OBITh HAPYLIEHA MPETHAMEPEHHBIMU HHTEPMO-
DYIAIMOHHBIMM MOMEXaMH, YPOBEHb KOTOPBIX COM3MEPUM C MOLIHOCTLIO TMOJIE3HBIX
cursayioB. Takue nmoMexu A KOMMEPYECKHX CUCTEM MEpCOHANbHOMN CBA3U npeaCcTaB-
JAI0T OONBINYIO OMACHOCTh M CKAXKYTCA HAa MX YHUBEPCATBHOCTH. 3HAYUMOCTh TaKUX
noMex oOBACHASTCA TEM, YTO B PYKax y HaceneHust 6yIeT HaXOIUThC OrPOMHOE YMC-
a0 abonentckux TepmuHanos (AT), paboTapmux ¢ MATOMOIIHBIMYA NEPEXATIMKAMHU
Ha ¢1ab0 HanpapiIeHHbIC aHTeHHBbl. He HCKII0YeHO, YTO nepefaTYuKy TaKuX IoMex
MOT'YT CTPOUTLCA € HCIoNb3oBanueM AT wim ux mpocredmx Moaupukanui(MMeeT
MECTO AHAJIOTHA: MPOKO PACHPOCTPAHEHHOE TMYHOE OPYKUE NPUMEHAETCA HE TOJIb-
KO JUIA 3alIMThl YEIOBEKA, HO M B KPUMHUHANbLHBIX HemiX). [ToosToMy mmsa cucteM mnep-
COHAJBLHOM CBA3KM MpobieMa IOMEXOYCTOMYMBOCTH IpeoOperaer 0coOyro 3HAYHU-
MOCTb.

JIiIA TaKUX CHCTEM aKTyalbHbl 3 QEeKTHBHBIC PELICHUs, HAPABICHHbIC Ha obec-

neyeHne rapanTUpoBaHHo# (Ha ocHOBE TpeOOBaHMI moTpeduTeneil) MoMeXoyCToMYH-




BOCTHM OTHOCHUTEIIbHO KAHANBHBIX M MpeaHaMepeHHbIX nomex. KapannambHoe peie-
HYE >TOM Npo6IIEMbI BO3MOXKHO TOJBKO TP KOMILIEKCHOM ONITUMU3AMU BCEIO TPaK-
Ta mepeaun MHGOpMauu Npu 0cOG0M BHUMaHHHU K PETPAHCIATOPY. DTO OOBACHSCT-
cf TEM, YTO, BO-IIEPBBIX, UMEHHO HA PETPAHCIATOPE CYMMHUPYIOTCA BCE CHIHAIbI CH-
CTEMBI CBA3H; a, BO-BTOPBIX, CIIOXKHOCTHIO OCYIUECTBICHUS ONTHMAIbHON 06paboTku
OTPOMHBIX ITOTOKOB CUTHAJIOB HA CIIyTHHKAX.

TeMm He MeHee HaM yJaOCh HAWTH OPUTMHANbHBIE TEXHOJIOIMYECKHE PEUICHN,
06ecredMBAIOIINE ONTAMAILHYIO 00paGoTKy GONBLIION0 YMCIA CUTHAJIOB C KOJOBBIM
YIUIOTHEHHEM 0€3 CYIeCTBEHHOTO YCIOKHEHHs PETPAHCIATOPA, NPUOPHUTET KOTOPBIX
3aKpPEIUICH MATCHTAMHU.

CHCTEeMBI IEPCOHANBHOM CIHYTHHKOBOM CBS3U ¢ 06paboTKOi curHanos Ha 6opTy
perpaHCIATOpa  O6ECHeYUBAIOT MPEAEILHBIA YPOBEHb MOMEXOYCTOMIMBOCTH, OIM3-
kuii x 6aze B=2FT ucnoabp3yeMEIX CUTHAIOB.

— O6pa6GoTKa CUrHAJIOB HA OOPTY PETPAHCIATOPA N0 CPABHEHMIO C UCTIOIB30OBaHU-
€M MPO3PAaYHOro PEeTpaHcIATopa 00ECnedHBAET TAKKE YMEHBIICHUE MOILHOCTH NEpe-
JaT4uKa aGOHEHTCKOro TepMuHana ( a, CIeOBATEbHO, MOBBILICHHE 3KOIOIMYECKON

3aIMMIEHHOCTH a00HEHTOB) B (8+13) pa3s.

Jiurepatypa:
1. AnpecHnle cucTeMbl ynpaBiaeHus M CBi3H. Bompocel onTumMusauuu [

I""N.Ty308, 10.®.Vpaguuxos, B..ITpertkos u np.; Ilox pen. I'.M.Ty3oBa. - M.: Pa-
Juo u Cazp, 1993. - 384.




ANALYSIS OF LOW-EARTH-ORBIT PERSONAL SATELLITE
COMMUNICATION SYSTEMS CONTAINING DIFFERENT TYPES OF
TRANSPONDERS

by Dr. G.I. Touzov,
TsNIIMash
4, Pionerskaya Str., Korolev, Moscow Region, 141070
Tel : (095) 5134-44-42
Fax : (095) 251-14-96

Introduction. The initial stage of developing low-orbit personal satellite
communication systems (LOPSCS) is being completed by deployment of the two
first systems Iridium and Globalstar. This event forces us to reconsider prospects
of creating new systems of a similar class. The late LOPSCS projects’
competitiveness seems to be achieved at the expense of better consumer qualities
and profitability based on novel technological and scientific/technical principles
(«know how»). The undertaken studies justified such novel solutions. They were
described and validated in four Russian patents, European and U.S. patents. The
Brussels-Eurica-96 International Best Inventions Salon awarded those patents
with two Gold Medals.

The purpose of the report is to provide an comparison of two versions of
LOPSCS design using different types of transponders:

e atransparent transponder (prototype of GLOBALSTAR system)

e an onboard signal processing transponder providing an sinchronous
processing of signals from all user terminals (prototype of the communication
system based on the above patents).

Code division is used in each of these versions ensuring an adequate
comparison. The most effective types of interferences will be considered such as
intermodulation interferences in a transparent transponder due to its nonlinear
amplitude-amplitude and phase-amplitude characteristics and noise interferences
in a signal processing onboard transponder taking into account that signal
passage channels may be linear within a range of 40 to 60 dB.

The results of the analysis.

For the onboard signal processing communication system let us write down
the input effect in the form of (Fig. 1):

S(t) =S, (t)+Sj(t)+Sn(t) +n,(1), (1
where: Sk () — a desired signal from k-user; S; (t) — an active interference;

N
S, (= XS;(t) - signals from other users of the communication system

=y

excluding k-user; n; (t) — fluctuation noise.
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Having the results of a number of complex transformations let us
ultimately write an expression for an error probability per one bit of information
(EPB) [1]:

L o [(2E )"
P=—[® (——6) [1-T,0cosy]idy , )
70 .V,
where: Eg :AiTc — energy per a digital symbol (or a bit) of information;
I, = (AJ /A'k) — ratio of amplitudes, the most  powerful
intermodulation interference and k-signal; v,— equivalent noise;
a=sinQT /QT,;
Q= Q- O T, - transmission time of one information symbol, Q; Ok
— interference and k-signal frequencies;

@' (x)=[1/ (27r)”2]_}oexp[--y2 /2]dy.

Fig. 2 shows plotting of the dependencies P, =f[A JZ / Azk] using (2) for
several fixed values of q=E; /v, .

Having reviewed the graphs of Fig. 2 one can make a conclusion that at
I, >0,2-0,5 thereceiver operation quality sharply worsens independently on a
number of elements of a code sequence (or the signal base B=2FT). Even if the
interference  negligently surpasses the signal (P, 7/P4)=9 dB the error
probability per one information bit (EPB) in the channel drops to the level of
P, > (102-10-) testifying that the channel is practically completely suppressed. -

However, more effective discontinuous intermodulation interferences may
be formed which are particularly useful for suppressing both separate channels and
simultaneously all of channels in a transponder. Thus, the Globalstar system’s
transponder can carry 20 to 57 channels. '

Mean error probability per bit (MEPB) for such an interference will be
written in the form of:

1| 1= _|(28,)"
PC =6 I—E{F{(—;—‘) (I-—Ipoc COS(p)}d(P ) (3)

€

where Q — on-off time ratio of a discontinuous interference,

Optimal interference on-off time ratio value is equal to.

Q,..=0,03BP, / P.) 4)




where: P, , Pj; — a signal power and a mean interference power.

Fig. 3 depicts dependences of MEPB that define the channel interference .
immunity under discontinuous intermodulation interference effect.

The power gain due to the discontinuous intermodulation interference
effect varies from 10 to 40 times as compared with its continuous analog. It
proves the high efficiency of discontinuous intermodulation interferences.

It should be notedthat the interference immunity analysis made above does
not concern the assessments of intermodulation interference effects on
synchronization channels. It is explained to a certain degree by difficulties of
analytical closed form results acquisition. However, the experimental
investigations made by us testify to an exceptionally powerful influence of
intermodulation interferences on the synchronization channel operation quality
even to complete failure of synchronization when P, , =1/2. Therefore the made
analytical analysis of intermodulation interference effects on information
channels revealed exactly only the lower boundary of such interference efficiency
(or the upper boundary of a channel immunity).

A required power level radiated by user stations transmitters is an
important parameter of personal satellite communication systems. With low
values of error probability the LOPSCS system capacity for an onboard signal
processing and transparent transponders accordingly will be equal to:

N=N_. =B/3q %)
N = N = Nmax - Pu Kc/Pcn - Pmp Kc/PcK

where K - coefficient of signal power redistribution on the transponder
nonlinearity; P - k-channel signal power.

Outof (5) and at P, = Pm]p we shall get:
Plcxc: Pux/ N max, Pex = 2 Pux K¢/ (Nmax - N)

As a result the ratio of user station transmitter powers of the two systems
under consideration will be presented as:

Poi/ P cx=2Ko/(1-N/Nmax) (6)

With the numerical values accepted for the GLOBALSTAR system (K,=2,
N/N . =0,5-0,7), we shall get: P, /P/ c 8-12 that demonstrates the possibility
to considerably decrease the power of a user station transmitter.

Conclusion. Thus, we have managed to show that operation of transparent
transponder-equipped communication system may be frustrated by malicious
intermodulation interferences of the power at the transponder input
commensurate with the desired signal power. These interferences present a -
tremendous threat to commercial personal communication systems affecting their




1000

100

10

Fig. 3

dB

20




universal character. Therefore, interference immunity assurance is a very important
problem in personal communication systems.

The search for effective solutions to provide a guaranteed (i.e. met user’s
requirements) immunity value under channel and malicious interferences effects is of
current concern for such systems. Solving this problem is possible only if complex
optimization of all communication channel is provided and a special attention to a
transponder is paid. It is explained to the fact that, the first, all signals of
communication system are summarized just in transponder and, the second, to a
complexity of carrying out optimum onboard processing of big signal flows.

However we have managed to develop an original technology for
synchronous onboard processing of big signal flows using code multiplexing. The
proposed solution is simple and practically does not complicate transponder
design.

Onboard signal processing LOPSCS provide higher-level interference immunity -

close to the used signal base value B=2FT. ,

Signal processing onboard transponder in comparison with transparent
transponder use also enables to reduce a user station transmitter power by 8-13
times (and consequently to enhance users' ecological protection).
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Pedepat

IIpenaraercs cosnanue Manoro KocMmmaeckoro anmapara (MKA) ¢ yruunupopassoit
nnaTopMoH, KOTOpast IO CBOHM XapakTepyCTHKaM OOGecleddBacT pasMelleHHe Ha Hel
PA3IHYHBIX HOJIC3HBIX HATPY30K, HPeAHASHAYEHHEIX I JUCTAHIMOHHOTO 30HUPOBAHAS 3eMIIH
C BBICOKMM IIPOCTPAaHCTBEHHBIM pPa3peIleHHeM, MOHMTOPUHI OKpPYXAIOIIeH Cpelpl, CBs3b,
HCCIeI0BaHME aTMOCHEPS! B KOCMHYECKOTro IpOCTpaHcTBa | T.0. 3amyck MKA mnarupyercs
IPOM3BOJIUTE C IMOMOINBIO JEIIEBOM KOHBEPCHOHHOH pakersl "CrapT-1", obecrneunBaromeit
BBIBOZ Ha opbuTy Macc ot 360kr (400xM) mo 110xr (1000xm). Beicora u HakioHEeHHE OPOUTEL, a
rakke macca MKA 3apucuT OT THMHAa mIOne3HOM Harpysku. KoHCTpyKums, CTpyKTypa |
NapaMeTphl CIIy>KeOHBIX CHCTEM, a Taloke KOHCTPyKnust MKA ABASIOTCS yHHBEPCAIBHLIMH M
0beCrieynBalOT HEOOXOJUMYIO OPUEHTAIMIO, SHEProcHaOXKeHWe, TEPMOpPETYIMPOBAHHE U
ynpasnenne MKA. Tlpusenenunie xapaxrepuctuku MKA wmoryr ObITh 00ecmeveHsl MHpH
HCTIOJIB30BAHAM  COBPEMEHHBIX  KOHCTPYKIIMOHHBIX  MATEPHAIOB,  DJIEKTPOHHBIX U
BBIYMCITATENLHEIX CPEACTB (B TOM YHCIE M 3apYOEXHBIX), HETEPMETHUYHBIM HCIOTHEHUEM
anmnaparypsl 1 MKA B nenom.

L[oxnag[

1. _OcHopHLIE IICJICBBIC XapaKTCPUCTHKH MajJoro KOCMHYCCKOr0 anmnapara

IIpennaraercs cozgarue Manoro xocmudeckoro anmapara (MKA) ¢ yauduuupoBanHoi
matpopMoi, KOTOpas IO CBOMM XapaKTepHCTHKaM obecrieunBaeT pasMelieHHe pasjIddHBIX
IIONE3HBIX  HArPy30K U AWCTAHIHOHHOTO  30HIUPOBAHUS  3eMJH C  BBICOKHM
IIPOCTPAaHCTBEHHBIM DPa3peINCHUEM, CBS3U M Ilepe/iadud JAHHBIX, MOHHTODHHTA OKpYXaromleh
Cpe/ibl, KOCMUYECKUX SKCIIEPAMEHTOR ¥ T.II.

O6umit Bec MKA ¢ none3Holt Harpy3koil B 3aBHCHMOCTH OT BEICOTBI opOuTH! (400 KM-
1000xm) u ee HaxyoHeHus Konedbnercs ot 360 xr mo 110 xr, Opu 3TOM HA MONE3HYIO HArPy3Ky
BeifensaeTes oT 220 kr go 15 xr. Cuctema anekTpocHaOkeHHs: 00ecreunBaeT CpeIHEBUTKOBYIO
IEKTPUYECKYIO MOINHOCTE MU MOJie3HOH Harpy3ku okoino 50-100 Bt u nmxoByro ceanCHYIO
(10-15 MMH) MOITHOCTD, HOTPEOIIEMYIO ITOJIE3HON HArpy3KO# Ha OCBEICHHON JacTu BUTKa 270-
390 Br.

Cnyramk HerepMeTtusupoBaH. [Io cBouM rabGapHTHO MacCOBBIM XapaKTEPHCTHKaM OH
OpHEHTHPOBAH Ha BBIBOJ poccuiickuM HocuteneM "Crapt-1".




C uenpio yIydIIeHWs SKCIUTyaTAlMOHHBIX XapakTepucTHK MKA # yBenuveHHS ero
aBTOHOMHOCTH IIPEyCMOTPEHA YCTAHOBKA HA CIIyTHHK NMPHOOPa KOCMHYECKOH HABUIAl[MOHHON
cucremn! [JIOHACC (Poccus) n GPS (CIIIA) 1 BKIFOUEHHS €T0 B KOHTYP YIIPABICHHUS.

Cpoxk axrupHOro cymectsoBanus MKA ne menee 3 jer.

Vupasnenne MKA npezaraetcs OCYLIECTBIATE ¢ OMOMIBIO CHCTEMEI, paGoTatollel B
nuanaszone 2 I'Tu. Tlpu 5TOM LEHTp ynpaBlieHUs JKelaTelbHO COBMEIIATh C OJIHOH M3 CTaHIM
IpUeMa I1eIeBOH HHpOpMauH.

2. XapaxrepucTuky cucreM MKA.

2.1. Cucrema opreHTAIMH.

Cucrema opueHTaupu o0ecreduBact noauepxanue nonoxesus MKA B npoctpasctse u
IpOrpaMMHBIE TIOBOPOTHI CO CIIETYIONIMMH XapaKTePHUCTUKAMM:

PexxuM opuenTanuu "3emis-Comane” (3C):

- TOYHOCTbH OPUEHTAIUH:

a) IO KpeHy H TaHTaxXy 8-12 yrn. muH.

b) 10 prICKaHUIO 60 yri. MuH.
- CTaOHMJIBPHOCTH OpUEHTAIMHY 0,0001 yrir.rpang./cex
- IPONOKHUTENILHOCTH PEXHMA HEOTPaHUICHHO
Pexxum opuenTarun "3emis-sextop ckopocta' (3K):
- TOYHOCTBH OPHEHTAIIMH 10 BCEM OCAM ‘ 6 yri.MHH.
- CcTabMIBLHOCTH OPHICHTAI[UH 0,0001 yrir.rpan./cex
- IPOTpaMMHEIE IOBOPOTEHI IO U MOIIEPEK MOJIeTa 30 yri.rpaz.
- IPOMODKUTENBHOCTH PEXMMA B TEUCHHE BUTKA Jo 15 mMuH.

2.2. CucreMa JIEKTPOCHAOKEHHUS.

Cucrema anexkrponutadns MKA uMeeT cienylonue TEXHUIECKHE XapaKTepPUCTUKY
- CpPEJHEBHUTKOBAs MOIIHOCTH 100 Bt
- MOIMHOCTH COJHEYHOU Garapen 360 Bt
- MaKCHMaJbHas MOIIHOCTE NOJE3HOH HArpy3Ku B
ceaHCHOM pexxuMme (15MHH) Ha OCBEICHHOH
YaCcTH BUTKA 390 Br
- HampspkeHwe 00pTOBOM ceTH 24-34 B
Jinsa obecrieuenus 3GGEeKTUBHOrO QYHKIIHOHUPOBAHHS CHCTEMBI dneKTporuTanus MKA
[peNyCMaTPHBACTCsl BHE CEAHCOB CheMa HMHQOpPMAalMH OpHEHTalHs HOPMald K IUIOCKOCTH
conueunsix Oarapeit na Connile myteMm nmogopoTa Bcero MKA (pexxum 3C).

2.3. BoproBoit xommexc ynpasierus (bKY).

BopToBoit KoMITIEKC yipaBiieHus KA peainsyeT CleoyIOIie OCHOBHEIE (yHKIUHY:

- 06paboTky uH(OPMALMH OT aBTOHOMHOM CHCTEMB! HaBUTalluH, (OPMHpPOBAHHE HA €€
OCHOBE JaHHBIX O IapameTpax OpOWTHl U TEKYIIMX KoopauHatr monoxenus KA ma
opbure;

- 00paboTKy MH(pOPMAIMK OT acTPOCHCTEMBI 3BE3/IHOM opmeHTanuy. ®opMupoBaHue
Ha ee OCHOBE NAaHHBIX O TeKyileM moioxennu oceit KA B opOutansHOH cucreMe
KOOP/IMHAT;

- mepenady MOJIyYeHHBIX OpOUTAIBHBIX IApaMETPOB H JAHHBIX O NOJIOKEHHH oced KA
B BLIBM cucreMBl OpUeHTAIMH AJI HCIIOJIb30BaHUs B pab0oTe CHCTEMEI;



- mepenady NONYYEHHBIX OPOHTATLHBIX NAPAMETPOB U AAHHBIX O HOJIOKCHAN oceit KA
B KOMAaHJHO-H3MEPHUTEIBHYIO CHCTeMy Uil IIepefais Ha 3eMii0o € HEIBIO
HCIIOIb30BAHUS JUIs IPUBA3KY HHGOPMALHH; .

- IpUeM TENEMETPHYCCKHX CHTHAJOB OT BCEX OOPTOBBIX CHCTEM M 3/IEMOHTOB
KOHCTPYKLUHU ¥ GOPMUPOBAHKIE KaK ONCPaTHBHOU obobuienroi uadopmaruu (OOW)
o paborociocobHoctn KA B mENOM, TaK H neranpHoi mupopMammn (JIU) o
COCTOSIHVH CHCTEM ¥ KOHCTPYKIuHA KA;

- Tepeauy 06OBIEHHBIX  JCTANBHBIX JAHHBIX B KOMAH/HO-H3MCPUTENBHYIO CHCTEMY
JUTS TIOCJIEAYIOMmEro “copoca” Ha 3eMTio B KOHTPOJBHBIX Ceancax, Hmpy 3TOM €CIi
OOMU cooteetctByeT HOpME, To JIM He mepenaercd, nepeaada I ocymecTBiseTCs
IpM OTKazax GOPTOBOM ammapaTyphl WM IO 3alpoCy HA3EMHOrO KOMIUIEKCA
yipasnesus (HKY);

- npueM  OT  KOMAHJIHO-W3MEDUTEIBHOW  CHCTEMbL KOMAaHHO-TIPOTPaMMHOI
undopmanmu  or HKY u peanusanua Ha GopTy HeOOXOJUMEIX Mep 10
hYHKIMOHATEHOMY M BPEMEHHOMY YIIPABIICHHIO PEXUMaMy ¥ CHCTEMaMA KA;

- ¢dopmupoBanue OOPTOBOH LIKATBI BPEMEHH;

- yIpaBieHue BBIYHCIHTENBHOM ceThio KA;

- JMArHOCTUKY COCTOSHMs OOPTOBHIX CHCTEM IPH OTKa3ax M c6osX B INTATHBIX H
mepexoHbX pexumax paborsr KA, GopMupoBaHHE U aBTOMATHHECKYIO PEATH3AIHI0
HEOBXOIMMBIX Mep IO BOCCTAHOBICHHIO PaGOTOCIOCOOHOCTH cnyxeOHbIX CHCTEM
KA;

- CaMOKOHTPOJB ¥ peaM3ailiio HeoOXOIUMBIX NEPEKIFOUEHUH MPH cbosx U OTKazax
OTHAENbHBIK dIeMeHToB camoro bBKY, mpueM H peamusaldsd KOPPEKTUPOBOK
[IPOTPAMMHOTO 06ecTICUeH s BEIMHCTHTENbHON ceTh KA,

- JABYXCTOPOHHSS MH(DOPMAIHUOHHASA CBS3b C aBTOMATH3MPOBAHHBIMA HCIBITATE/IEHO-
BBIYACTUTEILHBIME CHCTEMAMM IIPYM Ha3eMHBIX ABTOHOMHBIX H KOMILICKCHBIX
ucneitagusx KA.

Crpykrypa 6OpTOBOrO KOMIUIEKCA yUpaBleHus Oasupyercs Ha MCTONB30BAHUH
BEIIUCIATENbHON cetH KA, B KOTOPYIO BXOJST B KadecTBe BeAymero aboHeHTa GOpTOBOH
muoronenepoi xommsiorep (BMK) KA, B kauecTBe BeIOMBIX Iepr(epriHbIe aanTepsl (I1A) n
cooTBETCTRYIOMmEE HHTEpeiick. B crnyyae HEOOXOIMMOCTH QysKipy Bemymero aboHeHTa
MOTYT nepenaBaThes (dacTHUHO) Tawke 6GoproBOH HEGPOROH BBIYMCIUTENPHON MalIMHE
CUCTEMBI OpUCHTALUM. '

BrrapcnauTenbaas ceTs KA  mpencrasiseT coOod  paclpelielieHHY:0  OTKPBITYIO
MHOr0abOHEHTHYIO OIHONOJYHHEHHYIO CETh, I[OCTPOCHHYIO Ha OCHOBE MPOTOKONA H
anmapaTHBIX cpejcTs HETepdetica RS-485. (Masie raGaputsl KA U 3HEProNMMHUTH! [CNaroT
nenenecoobpasHem noctpoenye ceti Ha MIL-STD-1553B).

BorunciurensHas ceth KA uMeeT clelyromue XapakTepuCTHKH:

- KOJIH4eCTBO aDOHEHTOB CETH zo 32

- cKOopocTh 06MeHa HHpOpMAIHi 2,5 Mbut/cex
- HaJIM4YMe rajbBaHMYECKO} pas3Bs3ku aOOHEHTOB! AMEEeTCs

- HaIpsDKEHHE Pa3BsI3KH 2,5kB

Beqymuit aGoHEHT ceT G0PTOBOH MHOIOLENEBOM KOMIIBIOTED (BMK) KA, npakTu4ecKu
peanu3yeT yKa3aHHBIE BhILIE (yHKIIHK BKA. Tpy Ha3eMHBIX HCIIBITAHUSIX aBTOMATU3MPOBAHHAST
ucnsTatenphas cucrema (AVC) cTaHoBUTCS BEAyIHM aOOHEHTOM peraucauTeNsHol cetn KA, a
BMK - BeoMbIM, (TakuM 0o0pa3oM COKpAmIaeTCsl KOJMYECTBO AlllapaTHBIX M JIPOrPAMMHbIX
CpE/ICTB, YIPOIAETCs MPONELypa HCIIbITa M),

Benombie aGOHEHTH ceTH - nepudepuiinple anantepst (IIA) SBIAIOTCS YHHBEPCAILHBIM
CPEICTBOM COTJIACOBAHMS MEXIY PA3TMYHBIMY NPHOOPAMH, HE MMEIOMIMMH BEIUCIATENBHAIX
cpencts, u BerauciuTeabHON cethio KA. IIA mmeer MapaUIeNbHBI U [IOCTEI0BATEIbHBIN
xaganel obmena wuHdopmanuu. IlapamienbHbii KaHa® - TpEAHA3HAYCH JULL obMmeHa
uadopManyell B TApajUIeJbHOM KOJAE C JPYIHMMH ycrpoiicTBamu  (aGoHenTamu). OnuH




MoCTeNoBATENbHEI — KaHan — nojiepxmpaet  mutepdeiic  RS-485  (cets). Hpyron
[10C/IeI0BATENLHEIN KaHa mouiepxkuBaer uatepdeiic RS-232, KOTOpHI MO3BOJISAET B Ka4eCTBE
OTNA0YHBIX CPEICTB UCTIONb30BaTh Hepcoranpubie 9BM IBM PC.

2.4. KoMaHaHO-H3MEpUTENbHAS CHCTEMA

KOMaHHO-M3MEPUTCTbHAs CUcTeMa OOeCIeunBaeT Iepejady Ha OOpT KOMaHAHO-
IIPOTpaMMHOM MHQOPMAIWH, U3MEPEHHE 11apaMETPOB JBIKCHUS MKA, nepenauy ¢ 6oprta Ha
3eMITIO KBHTAHIAHA HCITOTHEHUS KOMaH/{ ¥ TeleMeTPUIeCKo HHOpMALHH.

KoMaHIHO-H3MepHUTEbHAS CHCTEMA HMEET CIIEIYIOIINE XapaKTEPUCTHKH:

- AWana3oH 4acToT 2T
- MOIIHOCTb IepeaTyiKa 4 Br
- nH(QOPMATUBHOCTH 128 Kbur/c

2.5. AuteHHO-pHIEPHBIE YCTPOKCTBA.

Autento-draepasle yerpoiictsa (ADPY) BKIIOYAIOT B ce0sl CIEAYIOMME yCTPOHCTBA:
- A®V nosnesHoit marpyskw (mrs anmapaTypsr JI33 mpenmaraercs I€pearoniee
AQ®YV juanasona 8 I'Tm.)
- IIMpOKOHANpaBJIEHHOE IpHemo-nepenatomee ADY KOMAaHIHO-M3MEPHUTEIBHOM
cucreMsl guanasona 2 [T
- anmrenns! npuemuukos ' JIOHACC-GPS.

2.6. ITonesuas narpysxa MKA.

MKA o6afaeT MHOTOLENEBOH 1ardOpMoi, TO3BONAIONIEH yCTaHABINBATH HONE3HYIO
HarpysKy JUisl PENIeHHs 3a1a4 CBA3H, HABUTAIMH, IIPOBE/ICHIUS HAyYHBIX SKCEPUMCHTOB 1 T. II.

Jlanee paccMATpMBAeTCs BapMaHT IIOJIE3HOH Harpysku Jjis  JUCTaHIHOHHOIO
30HIMPOBAHMS B IEIAX MCCIEJOBAHMS HPUPOIHBIX PECYPCOB  3eMIIH, cocTosmuit u3
Pa/IMOKOMILIEKCA U TEJICBH3MOHHOTO KoMiliekca. Heo6x0quMo OTMETUTD, ITO JAaHHBIH BapHaHT
TOJIe3HOM HArpy3KH MOXET SBJSThCS 0a30BEIM i cosfands MKA s JUCTaHIEOHHOTO
30HAMPOBAHMS 3€MNH B JPYIMX CICKTPalIbHBIX JMana3oHaX ¥ ¢ HHBIM NPOCTPAHCTBEHHBIM
pa3penicHUEM.

Ilepenataux muariazoHa 8 I'TH MOmHOCTBIO 6 BT BBIIONHEH HA TPaH3WUCTOpax H
obecreynBacT Hepeaavy MOTOKOB JaHHBIX 64 Mout/c.

B cocras TencBusznoHHOro komruiekca MKA BXondgr y3KOyrojbHas TENCBU3MOHHAS
xamepa YTBK, mupoxoyrojbHas TeJICBU3NOHHAL Kamepa HITBK u 35meKTpoHMKA YIIPABICHUSA 1
cxatus nanHbik. OcHoBHbIE Xapakrepuctuku TB-kKamep IITBK n VIBK:

1. Paspemenvie Ha MECTHOCTH (M) 10 2

2. @opmar u3obpakenus (IHKC) 6032 6032
3. 3axBaT Ha MECTHOCTH (KM) 60 12

4. CnexTpasibHBIH rana3oH (MKM) 0,5-1,06 0,5-0,7
5. Ywmcno cuekTpasIbHBIX KaHAIOB -3 1

6. Tlorpebisemas MOLIHOCT (CeaHc) 50 75

[IpumMeyaHue: XapaKTEPUCTHKY TIPUBEICHBI IS BHICOTHL 650 KM.

3. BecoBoii ¥ sHepretudeckuil 6ananc MKA.

Macco-rabapuTHbie XapakTEPUCTHKH M MOIHOCTH YCTPOUCTB, BXOASIIHX B COCTAB MKA
JI33, 11 COMHEYHO-CHHXPOHHO¥ OpOUTHI BHICOTOH 650 xM pHUBEIEHBI HIDKE.



Cucrema MKA Macca xr

e

IotpeGnenue Bt

Koncrpykmus u CTP 65 - [
Cucrema opuenTanuu 27,5 46

Cucrema anexTpocHab)eHUs 27 3

BopTtoBoit kommiexe ynpasienns 6 7

AHTEHHO-(QHEPHBIE YCTPOUCTRA 10

KomannHo-u3mMepuTensHas cucteMa 5,5 45

Paguoxommiexc 22 100

Tenesu3uoHHBIN KOMILIEKC 58 140

KoHCTpyKTHBHBI pe3eps 19

HUTOIo 240

O6umit Bux MKA npuseren ma puc. 1
Crpyxrypras cxema MKA npusezena ua puc.2
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Abstract

It is suggested to create a small satellite (SS) with universal bus able to carry different
payloads for Eath Remote Sensing (ERS) with high resolution, communication and data
transmission, space experiments, research of atmosphere and space, etc.

The start-up SS is planned to launch with the help of a conversion rocket "Start -1" ensuring
orbital insertion of weights from 110 kg (1000 km) up to 360 kg (400 km). Altitude and orbit
inclination, and also weight SS depends on a type of a payload. A design, structure and the
parameters of service systems, and also design SS are universal and provide necessary orientation,
power supply, thermal control and control SS. This characteristics SS can be supplied at use of
modern constructional materials, electron and computing means (including foreign). The satelllite
is not vacuum-tight.

Report

1. Main characteristics of a Small Satellite

It is suggested to create a small satellite (SS) with universal bus able to carry different
payloads for Earth Remote Sensing (ERS) with high resolution, communication and data
transmission, space experiments, research of atmosphere and space, etc.

The total mass SS with a payload depending on an orbital altitude (400 km -1000 km) and its
inclination changes from 360 kg up to 110 kg, the mass of the payload is allocated from 220 kg up
to 15 kg. The system of power supply provides on the average power for a payload about 50-100
W and peak (10-15 min) power 270-390 W.

The satellite is not vacuum-tight.

The mass and a size of the satellite are matched so as to launch it with the Russian space
launcher "Start-1".

In order to improve performances of the satellite and make its operation more autonomous,
it is foreseen to equip the satellite with a satellite navigation receiver (SNR) of the GLONASS
(Russia) and GPS (USA) systems signals.

The lifetime planned for the satellite is not shorter than 3 years.




It is suggested to control the satellite flight with help of Telemetry Tracking and Control
(TT&C) subsystem, operating in the band of 2 GHz. A mission control center can be combined
with the receiving station of the information.

2. Characteristic of systems Small Satellite

2.1. Attitude control system.

Satellite attitude control on orbit and after satellite's rotations will be performed with the
following characteristics:

Attitude Control Mode "Earth-Sun" (ES):
- accuracy of attitude determination

roll and pitch. 8-12 ar.min
yaw 60 ar.min.
- attitude maintenance accuracy 0.0001 grad/s
-.duration of the ES mode unlimited

Attitude Control Mode "Earth-Velocity Vector" (EC):
- accuracy of attitude determination

along 3 axes 6 ar.min
- attitude maintenance accuracy 0.0001 grad/s
- accuracy of programmed rotations

along-track +30 grad

cross -track +30 grad
-.duration of the ES mode 15 min

2.2. Power Supply System.

The power supply system of the small satellite has the following characteristics:
- average (for I turn) power consumption of the satellite 100 W
- solar panel power 360 W
- maximal payload power consumption during the session in
the lightened part of the turn (I 0- 15 min, not more than
3 times per 24 hours) 390 W
- on-board voltage 24-34V

In order to provide effective power supply to the satellite subsystems, the satellite solar

panels will be placed normally to the direction to the Sun in that parts of the orbit, where no
surveying is carried out.

The change of the solar panels attitude will be achieved by rotation of the satellite.

2.3. Onboard Control Complex /OCC/

OCC has the following functions:

- SNR data handling, generation on its basis of data on orbit parameters and current
coordinates of SS attitude in orbit;

- transmission of the received orbital parameters to attitude control system;

- transmission of the received orbital parameters and data on SS axes attitude to the radio
complex and transmission to the Earth to be used for geographical reference of information;




- TM signals reception from all onboard systems and structural components both with
prompt generalized data /PGD/ on SS operationability in general and detailed data /DD/ on
systems and SS structure status;

- transfer of generalized and detailed data into the radiocomplex for further transmission to
the Earth in the reference sessions; if PGD corresponds to normal data, DD is not transmitted, DD
is transmitted at the request of the ground control complex /GCC/;

- reception /after the radiocomplex/ command and program information from GCC and
functional and time control of SS operations and systems;

- onboard time scale generation;

- SS computer network control;

- onboard systems status diagnostics at faults and malfunctions in SS operations nominal
and intermediate conditions, generation and automatic realization of the required measures for SS
service systems functioning restoration;

- self-check and necessary switch at faults and malfunctions of OCC components,
reception and performance of software corrections of SS computer network;

- two-way data channel with automated test-computer systems at SS ground-based
independent and integrated tests.

OCC is based on SS computer network consisting of onboard multipurpose computer
/OMC/ as a leading subscriber, and as subordinate subscribers - peripheral adapters /PA/ and
corresponding interfaces. If necessary, the leading subscriber functions can be given /partly/ to
attitude control system onboard computer /ACS OC/.

SS computer network is a distributed open many-subscriber one-subordinate network
based on the protocol and RS-485 interface hardware. /SS small dimensions and power
consumption constraints make it inexpedient to build the network using MIL-STD-1553B./

SS computer network has the following specifications:

- network subscribers number up to 32

- data exchange rate 2.5 Mb/s

- availability of subscribers galvanic decoupling  available
decoupling voltage 2.5kV

The network leading subscriber OMC performs the above mentioned OCC functions.
During ground tests the automated testing system /ATS/ becomes the leading subscriber of SS
computer network and OMC - the subordinate one (thus, the number of software and hardware is
reduced, the test procedure is simplified).

The network subordinate subscribers - PA are a universal coordinating means between
different devices not having computers and SS computer network. PA have a parallel and serial
data exchange channels. The parallel channel is designed for data exchange in the parallel code
with other devices /subscribers/. One serial channel supports RS-485 interface /network/. The
other serial channel supports RS-232 interface which enables to use IBM PC as adjustment
facilities.

2.4, Telemetry, Tracking and Control Subsystem (TT&C)

The TT&C subsystem provides transmission to the satellite commands and servicing
information, measures the satellite orbit, receives from the satellite reports on fulfilled
commands and telemetry. The TT&C subsystem has the following characteristics:

- band -2 GHz
- transmitter power -4W
- transmitter power 128 Kbit/s
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2.5. . Small Satellite Antenna Feeder Devices

Antenna-feeder devices (AFD) include the following items:

- AFD payload; :

- omnidirectional TT&C receiving/transmitting 2 GHz antenna;
- GLONASS/GPS receiver antennas.

2.6. Small Satellite Payload

The satellite has a multipurpose bus creating possibilities for installing payloads for tasks
of remote sensing, communication, navigation, scientific experiments, etc.

Further, the payload for ERS will be considered including TV equipment and radio
equipment This version of the payload can become a base for developing satellites for ERS in
other spectral bands and with other spatial resolutions.

An 8 GHz transmitter with a 6 W output power is built using transistor technology and

provide a bitrate of 64 Mbit/s.

The TV equipment of the satellite includes the following items:

- narrow-angle TV-camera (NATV)
- data compression equipment
- wide-angle TV-camera (WATV)

Basic performances of the NATV and WATYV are given in the Table 1.

Table I
Parameter Unit WATV NATV
1. Ground resolution m 10 2
2. Image size pixel 6032 6032
3. Swath width km 60 12
4. Spectral band mem  0.6-1.0 0.5-0.7
5. Number of spectral channels 3 1
6. Power consumption (without TCS) W 50 60

Notes: Characteristics are given for satellite altitude of 650 km

3. Mass and Power Balance of Small Satellite

Mass, overall dimensions and power of consumption of equipment, being a part of small satellite
(SS) bus and payload are shown in Table 2. These performance data correspond to limitations for
SS launch with help of "Start-1" launcher and SS power opportunities.




1. Construction

2. Attitude Control Subsystem

3. Power Supply Subsystem

4. 0CC

5. Antenna-Feeder Subsystem

6. Tracking & Command  Subsystem
Payload

7. Radio Subsystem

8. TV Subsystem

Construction Reserve

TOTAL:

The general view SS is adduced in fig.1

Subsystem or Equipment of SS
| The block diagram SS is adduced in fig.2

Mass, kg
65.0

27.5
27.0
6.0
10.0
5.5
80.0
22.0
58.0
19.0

240.0

Table 2
Power, W

46
3
7

45
240

100

140




Fig 1. The general view SS




network

Fig.2. The block diagram SS
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BO3MOXHOCTH UCTIONE30BAHUS MANIBIX KOCMHUYECKUX anmnaparoB Ha CPEAHUX

OKOJIO3€MHBIX OPOUTaX Jyis CO3MAaHHs CHCTEM IIHPOKOIIONIOCHOM! CBA3H.
(IJIC va MKA MEO)

B.K.Cnoka, U.M. Tennsxor
PTH um. Munna
125083 r.Mocksa,yn.8 Mapra,10-12
®daxc; (095) 214-0662
M.U. I'puuiko
HITO MAILI.
143952 r.PeytoB,MockoBckas 061acTh,
yn.I'arapuna, 33
dakc; (095) 302- 2001

B Hacrosinee BpeMs pa3sBUTHE KOCMMYECKHX CHCTEM CBA3M MIET KaK 33 CYeT
OCBOEHHUsI HOBBIX OpOHTAILHLIX MNO3HLHMA - 310 LEO Iridlum, Globalstar,
Teledesic, Skybridge, Celestri, tak u passuruem cucrem GEO u MEO - sto ICO,
Spaceway m np. Bce 3TH npoexkThl HANpaBNeHbl HA CO3JAHHE IMOBANBHBLIX
MHUPOBbIX CHCTEM M TPeOYIOT NPHBJICYEHHsS THTaHTCKUX (QMHAHCOBBIX 3aTpPaAT Ui
MX peamusauuu. J[ig 3TOro IS KaXIOro M3 INPOEKTOB CO3AAIOTCH KPYNHBIE
MEXIyHAPOAHbIE (MHAHCOBO- INPOMBILUICHHbIE KOHCOPUMYMBL. BO3MOXeEH IH
npopeiB  Poccun wm crpaH coapyxecTBa B 3TOT OypHO pa3BHBArOLMICS
KOCMHUYECKUH TEIEKOMMYHHUKAIL[HOHHBIH PHIHOK!

BO3MOXeH Npy yCOBHH CO3aHUs ONEPEKAIOLUX, KOHKYPEHTOCHIOCOOHBIX
TEXHOJOTHH M MOCTPOCHHA TAKHX CHCTEM, KOTOPLIE IO CBOMM 3KOHOMHYECKHM
nokasaressam ObumM OBl peanibHbl I 3KOHOMUKU Poccuu. Takue cMCTeMBI TOMKHBI
CTPOUTBCS Ha IHEProcOeperaroix NPUHIMNAX, HX CTPYKTYpa HOJDKHA MO3BOATh
NO3TANHOE CO3IaHUE CHCTEM C MHHUMAIbHBIMH 3aTPATaMM Ha HayaJbHOM 3Tare U
obecnieuennemM xopouieii KOMMEPYECKOH CaMOOKYIAaeMOCTH Ha KaXIOM M3 3TaroB
MX CO3TaHMs.

AZEKBATHLIM PELIEHHEM 3TOH NPOOJIEMBb! ABJIAETCA HCNONB30BAaHHE JUIS
NEPCIEKTUBHLIX ~ KOCMHMYECKHMX  TEICKOMMYHHMKAUHOHHBIX  CHCTEM  MaIbIX
kocMuyeckux annaparoB (MKA) uiu B 1pyroi TEpMHHOIOTHH CITyTHUKOB MaJIOH
maccel (MM-Sat).

B xauecrBe Taxux CHyTHMKOB NOHWMAIOT CNYTHHKH, Macca KOTOPHIX He
npesbiiaer 1000 kr ¥ MOWHOCTL MOTPEONAEMON 3MEKTPOIHEPTUH MOIE3HOM
Harpysku He Gonee 1,5 kBr. 3amyck Takux CHyTHHKOB Ha pasHble THNbI OPGHT
MO3BONSIET OOeCHeYuTh rMOKOE MOITANHOE CO3JAHHE W PA3BUTHE KOCMHYECKHX
CHCTEM Pa3JIMYyHOH KOHUTYypauuy.

BoiBox Ha opOuTy cnyTHHMKOB Maioit Maccel (MM-Sat) Moxer ObITb
obecrnieueH WHUPOKHM BHIOOPOM PAaKET-HOCHTENEH CPENHEro Ki1acca, B TOM YHCIIE
Ha 6asze koHBepcHOHHBIX MBP. HITO "MamuHocTpoeHns" uMeer B CBOeM 3aere
HeZopOoryr pakery-Hocutens "Crpena”, co3xaunyio Ha 6ase MBP PC-18.

Cospanne MKA G6asupyercss Ha HCIONB3OBAHWH IEPENOBLIX 3HEProO- M
pecypco—cOeperaimx  pakeTHO ~ KOCMHYECKMX  TeXHOJOTHHl, a  TaKkke
NEPCNEeKTHBHON DPAaJIHO3NEKTPOHUKH, MHHUMM3UPYIOIIEH NOCTPOEHUE IONE3HOH




Harpysku. HayuHo-TexHuueckue 3ajenel, uMeromguecs B 3Toil obmactu y HIIO
MaUIMHOCTPOEHUS M PagMOTEeXHHUECKOro HHCTUTYTAa MMEHM akanemuka A.J,
MuHua B koomepauMu € MEPENOBBIMH  HAYYHO-TIPOM3BOACTBEHHBIMH
npennpusTaMu Poccuiickoit Genepann No3BOIAIOT PELIMTD 3Ty 3a1ady.’

Ocnosoit MKA pnomkHa cTaTh yHMBEpCanbHas KOCMHUYeCKas Iiartdopma
(YKII), Ha ©Oa3ze KOTOpOW MOXeT co3aaBaTbes MOAyNbHBIH pan MKA mis
pas3M4HbIX cyTHUKOBBIX crctem cBasd GEO, MEO u LEO.

Beicokas cepuiinocts YKII, a Takke DpPOU3BOACTBEHHBLIH 3agen W
HaJIeKHOCTL  CPENHHX  PaKeT-HOCHTENeH  MOryT  OOEcmeduTbh  XOpOLIHe
SKOHOMHYECKHE IIOKa3aTeNd I8 CO3LJAaHUS Ha KX OCHOBE Ppa3IMuHBLIX
KOMMepYecKH 3((PEKTUBHBIX KOCMHYECKUX TEIEKOMMYHHKALMOHHBIX CHCTEM.

Beinonnennoie PTH  umenn axagemnka AJI. Mwunaua wu  HITIO
MalIMHOCTPOEHUS NMPOEKTHbIE PaspabOTKU MOKA3ajJd BO3MOXHOCTb CO3JaHHA Ha
6aze MKA, pasMemiaeMbIX Ha CPEIHUX -OKCIO3EMHBIX OpbuTax (kpyrosas opbura
¢ BbIcOTOH 10360 KM), BbICOKOI(P(HEKTUBHON CHCTEMBI CBA3H.

AHaJIOTHYHBIE TNPUHLHUIBI MOTYT OBbITh HCHONB3OBaHbl NPH CO3JAHHUK
pernoHanbHbIX GEO cHcTeM cBa3h.

O}PekTUBHOCTL CHUCTEMbl HOCTUTAETCs 3a CYET NPUMEHEHUS HOBBIX
IPHHLMIIOB MOCTPOECHUS OOPTOBBIX PETPAHCIATOPOB Ha 0a3e aganTHBHBIX
MHOTOJIYYE€BbIX aHTEHH.

MKA orpasuuvBalOT Kak BECOBBIE IIOKa3aTeld PETPaHCIATOPOB, TAK U
BO3MOXHYIO MOILHOCTL MX 3JIEKTPONUTAHUS, MO3TOMY BbIOOD CTPYKTYphI
nocrpoenus perpaHciaaTopoB mis MKA, HX 4acTOTHOTrO auana3oHa ¥ OCHOBHBIX
napaMeTpoB AHTEHHBIX CHCTEM uMeeT Ooiblioe 3HayeHUe I 3¢ EHEeKTHBHOTO
MOCTPOEHHS TENEKOMMYHBUKALIHOHHOH CHCTEMBI.

IIpakTHYECKH MOXHO CYMTATh, YTO MACCa CNYTHHKA NPSIMO 3aBHCUT OT €TO
3HEpronoTpebieHus, NO3TOMY CHHXXEHHE BECOBBIX [OKa3aTeled MOJe3HOH
Harpy3ku MOXHO AOBHThLCs B IEPRYIO OYEPENb 34 CHET IHEProcOeperaolux Mep.

OueprocOeperaioiye XK€  NPHHLUUINbLI,  MO3BONAIOUIME  ODecneuuTh
TpeOyeMyIO0 JHEPreTHKY paAMOJIIMHHII KOCMHYECKOH CHCTeMbl MOMKTYIOT, Kak
M3BECTHO, HCMOJb30BAHME MAaKCHMMAaNbHOTO pa3MmMepa aHTEeHH, I[PH KOTOPBIX
OCOBEHHO € yBEIIMYEHHEM 4acTOT dYacToTHOoro muanasona Ky, um Kz pesko
YMEHbLIAeTCA LUMPHHA JIMarpamMmbl HaNPAaBJICHHOCTH. OTO NPH WIHMPOKHX YIJIax
o630pa ¢ KA TpebyeT CymeCTBEHHOrO YBENMYEHUS KOIMYECTBA Jyyell aHTEHHOH
cucTeMbl. Tak Hanpumep ontumusauus perpanciaropa ICO (MEO) ¢ nnamerpom
aHTEHHB! =~3 M B AManasoHe udactor =2 ITu norpeboBano npumenenue 103
ayyelt. [lepenoBas xocMuueckas cucrema Celestri B quanasone yactot 2030 I'T'y
MMEET KONMYECTBO Jiydyell aHTeHHOH cucTeMbl Ha | cnytHuk nopsakxa 300. B ceasu
C 3THM 3HEProcOEeperarole CXeMbl PETPAHCIATOPOB TPEOYIOT NPHHLMIIHAIBHO
HOBOTO NOAXOMA M TEXHONOTKi, o6ecneyuBaloOUUX co3ganne BOPTOBLIX aHTEHHBIX
CHCTEM C KOTIMYECTBOM IIyueit B mpeaenax 10 2.103.

[Ipu aTOM pacnpepeneHye SHEPreTHKH B ITHX JIydax MOXeT ObITh
JIOCTATOYHO HEPABHOMEPHBIM 32 CYET Pa3lMYHBIX YCIOBHMH pabOTbl CHYTHHKA W
JOWHAMUKH MNOAKIOYEHHS! AabOHEHTOB, MO3TOMY Tpedyercs aJanTHBHOE, B
peaTbHOM BPEMEHH, pacnpefiejieHHe MOLIHOCTH CHTHAjIa 1O BCeMY MO0 JIYYeid.
T.e. nna peanusanun 3ddextuBHbix MKA Tpebyercs cozgaHue MHOrOIyYeBBIX
afanTUBHBIX aHTEHHBIX CHCTEM, KOTOPBIE B TOXE BpeMs OONafaloT Majioi Maccoil.




Cospemennas pazouHpOpMaTHKa U NEPCNEKTUBLI JJIEKTPOHUKH MO3BOJSAIOT
PELNUTDL 3TY 3371a4y.

MoryT GbiTh HCNONBL30BaHb Pa3HblE NPUHLUHIILI JOCTHXEHHS ITOTO.

IIpocreiiiunm BUIOM ananTHBHON MHOTOTYYEBON AHTEHHBI MOXKET CILY)KHUTh
¢asupoBanHas aHTeHHas pelleTtka Tuna Bas-ATTa. IIpunnun ee medicTeus
COCTOUT B CIIEAYIOLIEM.

Pewerka coctont u3 HaGopa H3NMy4aroOMUX 3MIEMEHTOB, LIMPHHA 30HBI
HATPABJICHHOCTH  KaXAOrO M3  KOTOPLIX COOTBETCTBYET YITIOBOM  30HE
obcnyxuBanus cnyTHuka. Yepes TpakThl ycunurened u npeobpazosareneii
CHTHAJIOB KaXMBbIH 3/I€MEHT NPUEMHOW PELIETKU CBS3aH C COOTBETCTBYIOLIUM
SJICMEHTOM Nepefatowell petierky. Peluerka sepkanbHO NEePEH3ITyYaeT NMPUHATBIE
CUTHAJIBI.

Ilupuna myya dopmupyemoit nuarpammel HaNpaBIeHHOCTH Olpeaensercs
ee aneprypo. IIpu 5TOM npemensHOE KOMHYECTBO myueif, KOTOpBIE MOTYT OBITh
CPOPMHPOBAHEI, ONPEAEIAETCS, KAK H3BECTHO, KOMHYCCTBOM 3JIEMEHTOR PELIETKH.
DopmHpOBaHHE Jyuell NOANEPXKHBA TCS HA3EMHBIMU Ga30BLIME CTaHLHUAMH,
opmupyrOIUMH BOKPYT ceBsi 30HY (COTBI) NPUEMO-NIEPENAYN I NOMKIIOYEHHS
abOHEHTOB.

Takue pewerku Moryt serko GopMupoBars MHOTOJIyYEBbIE CHCTEMBI C
KOJIHYECTBOM  JTyuYei (102-1()3) ANl pasNUYHOTrO  QManasoHd BOJH, IpH
OTHOCHTENLHO NPOCThIX AMMNAPATyPHLIX KOHCTPYKIHUSAX C MAJIOH Maccoil.

Pasmep u dopma obieii 30HbI obciyxuBanus POPMUPYIOTCS YCTAHOBKOM
HAa3EMHbIX Ga30BBIX CTAHUHA, ¥ T03TOMY o6Las reorpagus CeTH JIETKO
4AaNTHPYETCA MO MEpe NMOJKITIOYEHMS T€X WIM MHBIX PETHOHOB HA PA3HBIX Tamax
BBOJIA CHCTeMbl. Ba3oBble CTAHLMU TaKXKE JIETKO PETYIMPYIOT SHEPIeTHYECKHE H
MH(QOPMAUHOHHBIE MOTOKH B KOCMUHYECKOI peuleTke, 4TO amantupyer pabory
MHOT'OJly4€BOH aHTCHHOH CHCTEMBI 110 KPHTEPHIO MaKCUMATLHOTO KIIA.

Ut IOCTPOEHHs. MHOT Oy YeBLIX GOPTOBBLIX AHTEHHBIX CHCTEM MOI'YT OBITh
MCIIONL3OBAHBI M JIDYTHE METOABI, ODECNEUHBAIOLUINE pPeATH3ALUIO JHarpamMMo
OOpa3syroIuX CXeM C HaWMEHbLIMMH 3atpatamM Ha 6Ooprty. B wyacrHoctH, C
OpraHu3anued aHTEHHOH CHCTEMbl, HCNONB3YIOLEH PETPAHCIALHUIO CHIHAJIOB
4aCTOTHO-(pa30BOTO paCNpeACIeHHs MPHEMHOI 6GopTOBO# peLueTky Ha 3emilio.

PaccMoTpennbie  Beiie  Meroapl  MO3BOMNSOT co3naTh  anmaparypy
MHOTOJTy4EBbIX PETPAHCNATOPOB ¢ KOIMYecTBOM sydedl 102-103 IIpH cpenHeid
GOpTOBOH MOLIHOCTH M3ITyYeHHs MO BceM nyqdam zo 1,5 xBr. IIpu stom o6umas
Macca 6OpTOBO# annapatypel peTpaHcnsauuyu He npesbimaer 150 kr.

O6wmui Bun MKA 1u1s cuctem cBs3u Ha MEO npencrasnen na puc.1
Haunbii  MKA nosponser cospasath LIMPOKONONOCHbIE (10 80 MO6uT/c)
BHYTPHCOTOBLIE JIMHUH CBA3H B auanasone 20-30 [Ty .

MKA ms nonsuxHoii u MarucTPpaILHON CBA3M MPEICTABIEH HA PHC.2
Ha stom MKA nogsuxnas ceasp OCylIeCTBIACTCA B AmManasoHe 11-14 I'Tu, a
MarucTpanbHas (MeXCIYTHUKOBAs) B AManasone 23-32 I'Ty .

OpOGutanbras rpynnuposka u3 24 taxux MKA 1o 6 KA (B 4 nnockocTax)
NMO3BOJIAET OPraHM30BATD IMOOANIBLHYIO CBA3b.




OCHOBHBIE XapaKTEPUCTHKH TUIIOBLIX CeTeil, CO3HABAEMBbIX C
ucnons3zoBanueM MKA #Ha MEO.

1. BHyTpHCOTOBAs CeTh MyNbTHMEINA U TENCBUICHUS.

Hucno BosmoxHeIx coT Ha | KA 625

Umncno pabouux cot 40

ITponycknas cnocoGHOCTD st 1 coTh Jo 60 Mbur /c

JInana3zod yactor 20/30 I'T'
CxopocTe nepefayn HHQOpMaLMu:
- OT aDOHEHTCKOW CTAHLIUK o 2,048 M6urt/c
- OT IEPEHOCUMOTI'O TEPMHHAaNa 64 Kburt/c

2.CeThb CBAI3H C NOABWXKHBIMA 400HEHTAMMU:

Yucno cor na 1 KA 127
ITponycknas cnocobHOCTb 1 1 cOThI o 4 Mbur/c
Jluana3oH yacror 718 I'Ty

CkopocTb nepenayuu HHQOPMALHHK:

- OT 6a30BOH cTaHUMH K aDOHEHTY no 1024 Kbur/c
- ot abonenTa o 384 Kour/c
BriBOOBI

MKA  nossonsior  co3maBaTh  psd 3KOHOMHMYECKH  BBITOIHBIX,
NEPCHCKTHBHBIX TCICKOMMYHHKAUBOHHBIX ycnyr, obecrnieynBas BBICOKYIO
KOHKprHTOCHOCOﬁHOCTb Ha PBIHKEC KOCMHYECKHX TeJIeKOMMyHI/lKaIIHI‘;I.

Cucrempl, co3naBaeMble HA MX OCHOBE, 6ilarofaps MaibiM (pUHAHCOBBLIM
3aTpataM Ha cosnande u BbiBoA MKA He TpebyoT OONBIUNX CTapTOBBLIX
(HMHAHCOBLIX BIOXEHHH K HMEIOT XOPOLIYKD BO3MOXHOCTh aJalTHBHOTO
MOJTANHOTO CO3JAHUS W aNaNTHBHOIO DAa3BHUTHS MO OTHOLICHHIO K 3aNpPOC.M
PBIHKA, @ TAKXKE XapaKTEPU3YETCA MOHMXKEHHBIMU PHCKAMH BO BPEMS CO3NAHHA U
9KCIUTyaTauuy. Bee 310 nenaet BecbMa MpUBIEKATENbHbLIM CO3AAHUE TAKUX CHCTEM
Ha Oaze MKA a4 wMamelx M pa3sBUBAOMMXCH TOCYHapcTB, a TakKxke
TEPCOHANM3ALIME MaJIbIX CHCTEM JUISl OT/AENbHBIX PETHOHOB M BEJJOMCTB.
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HA TEOCTALIMOHAPHOI OPBUTE

*bypasuit A.E., *Ipuuixo M.H., *“*Kapyruy H.B.

*HITO MawmnocipocHns
143952, Mackosckas o6, 1. Peyros, yn. arapuna, 33
daxe: (095) 302-2001 E-mail: NPO@mashstroy.msk.su
Ten. (095) 528-7370

*PHUU KIT
111250, r. Mocksa, yu. Asnamoropras, 53
Tea. (095) 273-46-59

Annorauus: PBCCMOTDSHH CXEMa peanusalMu CUCTEM CIYTHUKOBO CBSI3M C HCITONL3OBAHMEM
KJIACTEPHOIrO foaxosla K Pa3BUTHIO KOCMMHUECKOro cerMeHTta. Takoil noaxoi rnosBoJisieT
OCYLIECTBUTL TOITANIHOE OCBOEHMUE YACTOTHOro pecypca OpﬁVlTMbHOﬁ MO3ULUK 3a cuer
3aleICTBOBAH WS MaJiopa3MEepHLIX CITYTHUKOB CBSI3H. anBClICHbl AOCTOMHCTBA TAKOM CXEMbI.

KoMMepueckas NpuBieKaTeNbHOCTh WMCMONBIOBAHUS Tex MM MHBIX TIeOCTaLMOHAPHbIX
CITYTHUKOB CBSI3M 3aBUCHT OT CTOMMOCTM BbIBCAEHUS ONHOTO YCJIOBHOIO TpPaHCNOHIepa B
COOTBETCTBYIOLLYIO OPOMTANILHYIO NMO3ULIMIO.

YCnexu, UHOCTUIHYTble BCAYIIMMH  TIDOM3BOAUTENISIMU  aNMapatypbl [OJE3HON Harpys3ku u
CAYXEGHDBIX CUCTEM, a TaKXe OITLIT NPEeANpUITUIA M HaydyHbIX opraHMsaumit Poccuu no
CO3NaHUIO M UCTIONL3OBAHUIO 3JIEKTPOPAKETHLIX MIA3MEHHBIX ABMIaTeNeil MO3BONSIOT YXE B
HACTOsILleE BpEMst MOJOUTHU K peanu3aliMy MPOEKTOB CO3NaHMUS CHCTEM CIYTHUKOBOH CBSI3H,
OCHOBAHHBIX Ha BBIBEAECHWUU HA reOCTALMOHAPHYIO OpOMUTY Malopa3MepHbIX CIYTHUKOB CBSI3H,
OCHAUICHHbBIX J/IEKTPOPAKETHBIMY TUIA3MEHHBIMM [BUTATEISAMH, C WCHONb3OBAHUEM pakeT-
HOCHUTEJIeH CpellHero M JIerkKoro kjacca.

B HITO malunHocTpoeHus BbIMOJIHSIIOTCS NPOEKTHLIE npopaboTku BApMAHTOB
YHUOUUMPOBAHHON KOCMUUECKON NnatdopMbl MaJIOpa3MEPHOro reoCTalMOHAPHOTO CMYTHUKA
CBA3M C MCMONBb3OBAHMEM B KauecTBe CPEACTBA BBIBEIEHUst Ha OpOUTY KOHBEPCUOHHOM!
pakeTbl-HocuTenss “Crpena”, paspaboTanHHo#l Ha 6a3ze cHMMaeMoil ¢ GOEBOro NEeXYpCTBa B
COOTBETCTBUM C JJOrOBOpOM O COKpalUeHWM M OrpaHUYEHUH CTPATErMYEeCKUX HACTYNaTENbHbIX
BoopyxeHuit MBP PC-18 (SS-19), unu pakersl-HocuTens Ha 6aze MBP PC-20 (S8S-18).

Cxema BblBEEHMS MalOpa3MEpHOTro CHYTHUKA CBA3M Ha reOCTAUMOHAPHYIO OPBUTY pakeToi-
Hocutenem “Crpena” ¢ kocmonpoma “CBOGOMHBIN” COCTOUT M3  CJEAYIOLIMX Y4aCTKOB
(puc. 1):

* YUaCTOK BbIBCACHMUS COYTHHKAa C pPasrOHHbIM OJI0OKOM Ha KpPYroBYIO OMOPHYIO opOuUTy
BbICOTOM 170 KM U HaknloHeHueM 52° (o6was Macca 2100 kr);

*  YHaCTOK CTabMIM3MPOBAHHOIO NacCHBHOIO HOJIETa CNYTHMKA C Pa3srOHHBIM GJIOKOM [0
OTOPHOM OpOUTE 10 MEPECEYeHUst ee C IKBATOPUAILHOMN TMIOCKOCTBIO;

* YYaCTOK MEpeBoJa CMYTHUKA HA [EPEXOLHYIO BbICOKOMIUNTHYECKYIO opbuTy C
napamerpamu: H,=170 xM; H,=100 000 km; i=52°;

*  YYacTOK MepeBoia CIYTHUKA C ONMOPHOW Ha re0CTaUMOHAPHYIO OPOUTY.

[TepeBod CMyTHMKA Ha BBICOKOUIMIITUUECKYIO MEPEXONHYIO OPOMTY OCYLLECTBASETCS nyTem
3a/1€AICTBOBAHMST TBEPAOTOIUIMBHOIO pasrOHHOro 67oka. B pesyisraTe o6ecrieyuBaeTcs
npupatieHue ckopoctun 2909 m/c (¢ 7806 m/c po 10715 M/c), YTO COOTBETCTBYET CKOPOCTH B
rnepuree 3alaHHON BBICOKOIJIMNTUYECKOH MEpexonHoit opOuThi. Macca CIYTHMKAa B MOMEHT
OTAS/IEHUst OT pa3roHHoro 6noka cocrabnsier 620 kr. [JanbHeiilliee BbIBEACHUE Ha
FeOCTallMOHAPHYIO  OpPOUTY  OCYILECTBASIETCS € TIOMOIbEK)  [ABHUIATENbHOH  YCTAaHOBKM
KOCMHYECKOTO anrapara, BKJIOYalOLIeN 3JIeKTPOPAKETHbIE ABUTATENN MAJION TATH (TpacTepsbl).
STy [BUTaTeNu OT/IMYAIOTCS BBICOKMM YIENbHbIM -UMIYIbLCOM nNopsaka 1500 c. B cocrase




ABUTraTENBHOK YCTaHOBKMU YeThbIpe OIlHOBPEMEHHO paboratoimx SJIEKTPOPAKETHBIX ABMUrATEN S

I - ywacTtok BuiBesietns na OHLOPHYIO OpBuTy
2 - onopyas opbura (Hxp = 170 km, i = 529)
3 - nepexonnas opbuta (Hr = 170 KM,

Ha = 100 000 km, i = 520, AV))

4 - nepexonHan opbuta (Hx = 1 000 KM,
Ha = 100 000 km, i = 0°, AVy) )

5 - nepexoniast opbuta (Hr = 35 800 KM,
Hoa = 100000 kM, i.= 0°, AV;, AVY)

6 - reocTauMonaphast opbura
7 - CHYTHHK CBstin

M70.
Puc. 1. Brisenenue MAJOPA3MEPHOTO CIYTHUKA HA [€0CTALMOHAPHYIO opbuty

PaCCManMBaCTCﬂ cieaywluas NoCNen0BaTeNnbHOCTL 2TaroB rnepesoga CIMYTHUKA C nepexoaHoun
opbuTthl Ha reoCTalMOHAPHYIO:

J1an 1 - yeennuenue (3a 2 BUTKA) BbICOTSHI nepurest 1o sennyunnbl 1 000 kM, rae otcyreTayer
49POAMHAMUYECKOE TOPMOXEHHUE CMYTHUKA:

dtan 2 - noBopoT ( B TeYeHMM 29 BUTKOB) nIOCKOCTH OpPOMTBl MCXOLHOIO HAKJIOHEH US|
(i=52°) no coBmageHus c 9KBATOPHANBHON MIOCKOCTHIO (i=0°). '

OTan 3 - yBeqMYEHUE BBICOTHI Nnepurest U CHUXeHUe BLICOTHI anores a0 36 000 KM, TO €CTh
MEPEBO CMYTHUKA HA [EOCTALMOHAPHYIO opouty. lns pelwieHus 3Toil 3amaum ABMraTenbHas
YCTaHOBKa BKJIIOYAETCsl Ha LOPA3roH B paitoHe anores ¥ Ha TOpMOXEHUe B paiioHe nepures.

B pesynbrare B Teyenue npumepHo 150 cyrok  KocMMYecKuit annapar BbIXOAWT Ha
FeOCTaUMOHAPHYIO OPOUTY.

Bce ynpaBnenue cnytHukom OCYIUECTB/ISIETCSI aBTOHOMHO, MO 3apaHee pPacCYMTAHHON M
BBEIEHHOH B GOPTOBOI BBIYUCAUTENBHbII KOMIICKC nporpamme. s KoHTpons napamMeTpos
OpOUTBI UM, nipu HeobGXxoaMMocTH, ee KOppeKUMM Ha OOpTY CHNYTHUKA MMeeTcs
COOTBETCTBYIOLUASI HU3MEpPUTENbHAsE anrnapatypa W KOMaHAHasi DPAAMONUHUSE [UISi CBSI3U ¢
Ha3¢MHBIMM CTAHUMSAMU BO BPEMS MPOXOXAEHUS CNyTHUKA BOAU3YU 3emau.

[Ipn ucnonssoBanuu B KayecTre CpeacTsa BbIBEAECHMS! pakeThl-HocuTenss “Crpena” macca
CMYTHUKA Ha- reoCTALMOHAPHON OpbUTe cocTaBuT 520 KF, W3 HUX 125 Kr oTseaeHb! s
NOJE3HON HArpysku.

DHEPreTUYECKHUE XapaKTEePUCTHKH pakeTel-HOCUTE S “CTpena” ¥ KOMAOHOBKA KOCMMYECKOId
FOIOBHOM YaCTy NpeaCTaBAeHb! Ha puc. 2.
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Puc. 2. Pakera-Hocurenn “Crpena”.

[Ipu vcnonasszosanuu PaKeTbl-HOCUTENs1 Ha 6aze MBP PC-20 macca KA Ha reOCTaLlMOHAPHOM
opburte cocraBut 1120 kr (Macca nonesHoi Harpysku 315 xr).

CpaBHUTENBLHBII aHaMU3  TPaAMLUOHHOrO BapMaHTa  3anycka NOTHOpa3MepHbIxX
T€OCTALIMOHAPHBIX CMNYTHUKOB CBSI3U TSKEJbIMMU P2KETAMU-HOCUTENSMM  KJlacca “IIpoton”,
“Apuan-4, 5” u 1p. ¢ TpeIaraéMoi CXeMoH 3anycka B COYETaHUU C KNacTepHbIM MOAXOAOM,
NIO3BONSAIOMM  OCYLUECTBUTL MO3TAMHOE OCBOEHWE 4aCTOTHOro pecypca opoOuUTanbHOM
MO3UUMU, NoKasbiBaeT HECOMHEHHDbLIC rnpeuvMyLgecTna ﬂOCﬂeﬂHeﬁ, COCTOstiLLIUE B cenywulem:

® PaclumpeHHble BO3MOXHOCTH Mo BBIBEACHMIO CBA3HBIX KA Ha op6urty:

® 3a0yCK B KayecTBE MOMYTHON MOJE3HOMN Harpy3KM Ha paKeTe-HOCHUTENE TSIKEAOro
KJ1acca;

* Oosee  WIUPOKHMIA BbIOOp  pakeT-HocuTeneid CpeaHero W  nerkoro kinacca W,
CHIEN0BATENIbHO, BAPMATUBHOCTL B ONpeneacHUN rpadyka 3anyckos;

* 3aMnyCcK CpaBHUTENbHO HELOPOTOi pakeToM-HOCHTENeM Ha Gase KOHBEPCUOHHO! MBP.

* [ToHMXeHHbI! ypoBeHb PHCKA, TaK Kak B cnyvae aBapuu INpu 3amycke TEPSETCS. TOJbLKO
1aCTb CBA3HON EMKOCTH CMYTHMKA C NOMHOPAIMEPHbBIM BopToBbIM peTpaHcasTopoMm.

® BoaMmoxHOCTb nostanHoro u AJaNTUBHOIO K M3IMEHSIIOILMMCS 3anpocaM  MeCTHhbIX
KOMTNIaHHM I -0TepaTopoB; ‘

* BHEAPCHUSA Ha PETHOHANBbHBIA PLIHOK YCIIYT CHYTHHKOBOI CBSI3u;

® OCBOCHMS 4aCTOTHOTO pecypca;
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e co3aaHUA MHQPACTPYKTYPbl 3MHOTO CErMEHTa CUCTEMbI CITYTHUKOBOI CBSI3U.

® OTHOCHTENLHO HEBbICOKASI CTOMMOCTh TPAHCHOHACPA HA OPOUTE, BAArOAaps CHIKCHMIO
pacxonoB Ha:

® BbIBEAEHME Ha OpOUTY;
* CTpaxOBaHMWE PUCKOB.

IlpcaBaputenbHbIC DKOHOMMUECKME OLCHKU MOKA3LIBAIOT. UTO MPHM OAMHAKOBOM KAUCCTHC
APeNOCTaBASIEMbIX YCIYT CHYTHMKOBOI CBSI3M M CPOKE aKTUBHOTO (DYHKLUMOHUPOBAHUSI Ha
opoure 10-12 neT ManopasMepHbi¥ CHNYTHMUK CBSI3U BLITOAHO OTIMUAETCS OT CIYTHHMKa C
NoAHOPa3MEPHLIM OOPTOBLIM  PETPAHCASTOPOM [0 KPUTEPUIO “CTOMMOCTL TPAHCIOMICPA,
BbIBCAEHHOTO Ha opOMTY”, MPU 3TOM BLIMIPLIL cocTasasieT oT 7 A0 35% 8 3aBUCHMOCTH OT
KOH(UTYypauuu CNyTHUKA U PaKeTbl-HOCUTENSI. -

CpaBHUTENbHBIM aHANU3 CXEM PCAM3aLUKM CUCTCM CRYTHUKOBOHM CBSI3M € 3aACHCTBOBAHHCM
TPaAMLIMOHHOrO BapHUaHTa [IOJIHOPAZMEPHOIO CITYTHUKA CBSI3U, BLIBOLAMMOIO  TSKC/IbIM
pakertoi-HocuTeneM Knacca “IlpoToH”, ¢ KJaCTCPHBIM MOAXOAOM K Pa3BUTHIO KOCMMUCCKOTO
CerMeHTa, TMO3BONSIOMM  OCYWECTBUTL [O3TAMHOE OCBOGHME  UACTOTHOIO  pecypca
OpOMTANILHON MO3MLMM IyTEM pa3MeLIeHKs] B HEW HECKOJbKMUX ManopasMepHHIX CMYTHUKOB
CBSI3K, BbIBOAMMBIX paKETaMU-HOCUTENSIMU JIEKOTO Kjacca, [OKa3blBAeT OTPEACHCHHBIC
fIpeMMyLLecTBa nNocaeaHen.




ADVANTAGES OF USE OF SMALL-SIZE COMMUNICATION
SATELLITES ON A GEOSTATIONARY ORBIT
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Abstract: The scheme of implementation of satellite communication system with using the
cluster approach to development of a space segment is considered. Such approach allows to

execute step-by-step run in of the frequency allocation of the orbital slot by using of the small-
size communication satellites. The advantages of such scheme are present.

The commercial attractiveness of using different geostationary communication satellites depends
on the cost of launch of one transponder in an require orbital slot.

Success achieved by the leading manufacturers of payload equipment and support systems as
well as experience of Russian enterprises and scientific organizations in creation and use of
electric-rocket plasma engines allow right now to start implementation of satellite
communication system projects based on the launch into a geostationary orbit small-size

communication satellites equipped with electric-rocket plasma engines by medium and light-
class launch vehicles. '

NPO Mashinostroyenia performs design studying of versions of a unified bus of a small-size
geostationary communication satellite. Launch vehicle “Strela” developed on the basis of a
converted ICBM SS-19, or launch vehicle on the basis of ICBM SS-18 will be used for
injection the satellite into a geostationary orbit.

The scheme of putting a small-size communication satellite into geostationary orbit by “Strela”
taunch vehicle from Svobcdny Cosmodrome consists of the following stages (fig. 1):

* stage of injection of the satellite with the booster module into a circular reference orbit,
altitude - 170 km, inclination - 52° (total mass is 2,000 kg);

» stage of stabilized coasting flight of satellite with the booster module on a reference orbit
up to its crossing with an equatorial plane;

« stage of moving the satellite into a transfer high elliptical orbit with the following
parameters: H,=170 km; H,=100,000 km; i=52°; :

« stage of transfer of the satellite from the reference orbit to the geostationary orbit.

The transference of the satellite into a high elliptical transfer orbit is performed by running a
solid-propellant booster module. As a result, incremental velocity 2,909 m/s (from 7,806 m/s
up to 10,715 m/s) is provided that corresponds to necessary velocity in a perigee of the preset
high elliptical transfer orbit. The satellite mass at the moment of separation from the booster
module amounts to 620 kg. The further injection into the geostationary orbit is carried out
using the space vehicle propulsion system which includes low trust electric-rocket engines
(plasma trusters). These engines are’ notable for high specific impulse about 1,500s. The
propulsion system includes four M70 electric-rocket engines operating simultaneously.




1 - stage of injection into a reference orbit
2 - reference orbit (Hcirc = 170 km, i = 52°)

3 - transfer orbit (Hr=170 km,
Hu=100 000 km, i=52°, AV,)

4 - transfer orbit (Hx=1000 km,
Hu=100 000km, i=0°, AV,)
5 - transfer orbit (Hn=35800 km,
“Hu=100 000 km, i=0°, AV,, AV,)
6 - geostationary orbit
7 - communication satellite

Fig. 1. Injection of the small-size sateilite into a geostationary orbit

The following sequence of stages of satellite transference from.a transfer orbit on a
geostationary orbit is considered:

Stage 1 - increase of the perigee altitude(during 2 revolutions) up to a value of 1,000 km where
aerodynamic deceleration of the satellite is absent.

Stage 2 - turn (during 29 revolutions) of the orbital plane with initial inclination (i=32°) up to
alignment with an equatorial plane (i=0°).

Stage 3 - increase of the perigee altitude and decrease of the apogee altitude up to 36,000 km,
that is transference of the satellite into a geostationary orbit. For the solution of this problem
the propulsion system is ignited to boost the satellite in the apogee zone -and to decelerate it in
the perigee zone.

As a result, the space vehicle is injected into a geostationary orbit during about 150 days.

Satellite control is carried out autonomously by the program computed in advance and loaded
in the onboard computer unit. For the supervision of orbit parameters and, if necessary, their
correction there is the appropriate measuring equipment and command radiolink for
communication with ground stations when the satellite passes over the Earth in the perigee
zone.

In case of using “Strela” launch vehicle, the satellite mass on a geostationary orbit will amount
to 520 kg, payload mass will amount to 125 kg.

The lifting capabilities of “Strela” launch vehicle and configuration of space head section is
shown on fig. 2.
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Fig. 2. “Strela® launch vehicle.

In case of using launch vehicle based on a converted ICBM SS-18, the satellite mass on a
geostationary orbit will amount to 1120 kg, payload mass will amount to 315 kg.

The comparative analysis of traditional version of heavy communication geostationary satellites
injected by heavy launch vehicles such as “Proton”, “Arian-4”, “Arian-5”, etc. with the
proposed scheme of injection in combination with the cluster approach allowing to execute
step-by-step run in of the frequency allocation of the orbital slot shows doubtless advantages of
the latter, consisting in following:

¢ Expanded capabilities in launching into orbit:

e small communication satellite can be an piggyback payload while using a heavy class
launch vehicle; .

e a wider choice of medium and light—class LVs and as a consequence, variety in
launching schedule;

« application of a relatively cheap LV based upon a converted ICBM for launching.

e Reduced level of risk as in an emergency case communication capacity equal to only a half
of that of a heavy satellite is lost.

e (Capability to completely adaptively meet the varying requirements of local operators by
means stage-by-stage approach to:

e entering into regional market of satellite commumcatlon services;
¢ full-scale usage of a frequency band;
e creation of a ground segment infrastructure for the satellite communication system.




® Relatively low cost of the orbital transponder due to reduction of expenses for:

¢ launching into orbit

e risk insurance.
Preliminary economic estimations show that with similar quality of services rendered by the
communication satellite and similar 10-12-years operational lifetime a small-size
communication satellite is more profitable than a standard heavy satellite in the criterion “cost
of transponder launched into orbit”, thus a profit will amount from 7 up to 35% in depending
on satellite configuration and launch vehicle,




NEPCNEKTUBHASl KOCMWU4YECKASY! HABUTALUMOHHAS! CUCTEMA

Mensenxos FO.B. (PKA), Wsanos H.M, IMouykaes B.H, Pesnusbix C.I', Cepmoxos AW,
Tuxoros B.®. (ITHUMMAIII), Iamxenxo B.II., Kocenxo B.E., UeGorapes B.E. (HITO
[1M), Usanos H.E., Cannes B.A. (PHUMKII).

1. TeHageHUMM Pa3BUTMA CNYTHUKOBBLIX HABUIraLMOHHLIX CUCTEM MU
NPeAnoCbINKY /1A CO3/aHUS HOBOW KOCMMUYECKOH HaBUraMOHHOM
cucremnl (KHC).

OnbIT akcryarauuy OByX CNYTHUKOBbLIX pPagvoHaBUTaLMOHHBIX CUCTEM
MMOHACC u GPS BMecTe C aHa/iM30M COBPEMEHHbLIX MOTPEeBHOCTEN B TOHHOM
U HaJexXHOM HaBuraumoHHoOM obecnevyeHun BbiIIBUA PAJ], HEOOCTaTKOB
CYLLECTRBYIOLLINX CUCTEM W MO3BONWI CNPeaenuTL HanpasieHns X pas3BuTus C
Lenbi0 PaClUNPeHNa KaTeropuin 1 KonudecTsa rpaxaaHckux norpedureneit. K
3TUM HanpaBfeHUAM OTHOCATCS:

e [OBbILLEHUE TOYHOCTH, HaAEXHOCTH " onepaTtuBHOCTU
mecToonpeaeneHns NOABUXHbBIX notpeburenen, NpenbABASIOLLMX
NnoBbllLieHHbIE TpeboBaHuA K HaBuraumm u  6e30MaCHOCTU  [BUXEHUS
(oGecneyeHne Mocapgku CaMoieTOB, CYOOBOX/AEHWE B  OrpaHu4eHHOn
aKBaTOPUN, XENe3HOAOPOXHLIN M aBTOMOOWUNLHLI TPAHCIMOPT, YynpasaeHue
okonozemMHbiMu KA n ap.);

e yhyullleHue XapaKTepucTunk DOCTYMHOCTH, HENPEPLIBHOCTH,
LIeNIOCTHOCTH (O0COBEHHO B 4acTu onepaTMBHOroO AoBeAeHuUs A0 notpedbutens
vHdopMauuM O HapylUeHUsIX LWTaTHOW paboTbl CUCTEM) HaBUTaLMOHHOMO
nons; '

e OpraHnsaums LEHTPaM3OBAHHOIO  ANCMETYEPCKOro  KOHTPONA
(MOHUTOPUWHIR) [OBUMXEHWS TPaHCMOPTHLIX CPeAcTB . ¢HhopMUpoBaHMe
pacnpefeneHHbix CUCTEeM  ynpaBieHus MOABWXHbIMM  OBbektamm  C
MCTMOb30BaHMEM KOCMUYECKNX TEXHONOIMN HaBNIaLuum 1 CBSA3U.

CylleCcTBYIOT ABa noaxoga K pelweHuio Bornpocos passutua KHC.
MepBbiin HanpaefeH Ha COBEpPLUEHCTBOBaHNE XapakKTepucTuk
pencteyiowmx KHC v cBAzaH C CcO3gaHMeM Ha3eMHOn cetn cTaHuuin
MOHMTOpPUMHIra ©  noacuctem  auddepeHumanbHon  HaBurauum g
YYHILEHNSt  XapakTepuUCTUK TOYHOCTM W LUENOCTHOCTU  HaBUraUUNOHHbIX
nonew; co3faHnem COBMECTHON FMOHACC/GPS annapartypebl
notpebutens ons YIyyLIeHNS XapakKTepucTuk OOCTYNHOCTM i
HenpepniBHOCTU;  UCIMONIb30OBAHMEM  CBA3HbIX YCNYr, NPefocTaBisdeMbixX




cuctemMaMu  KOCMMYECKoW CBsiau, Ana  nepejayn  anddepeHumasibHbIX
fonpaBoK, UHGOPMaLMu O COCTOAHUN CUCTEMBI, OpraHusauun KOHTPOJIA ¢
yrpaBneHns NOABWXHbIMKU o6bekTamu. PaboTbl NO 3TUM  HanpaBneHUAM
BEAYTCH B pamMKax Takux MeX[yHapoAHbIX NPorpaMm, Kak EGNOS (European
Geostationary Navigation Overlay System), WAAS (Wide Area Augmentation
System).

Bropoit noaxoa npearnosiaraeT MocTpOeHne HOBOW KHC c¢ 6onee
BLICOKUMW XapaKTepucTUKamMmn HaBUraLlMOHHOIO rons, 4emM Y CYWEeCTBYIOLINX
CACTEM, M  OpPUEHTUPOBAHHOW Ha  rpaxaaHckoro notpebutens ¢
npefocTaBfieHUeM [OMONHUTENbHLIX YCIyr. 3a nocnegHne Asa [AecatuneTus
NPen/IoKEHO HECKOJNIbKO MPOEKTOB HaBUraLMOHHbIX CUCTEeM, MNPeTeHAYyIoLUX
3aMEHWUTb WM [OMOAHUTb  (PYHKLMOHUPYIOWME CUCTEeMbl. 3TO MNPOEKTbI
NAVSAT, GRANASS, GEOSTAR, GLOBSTAR v ap.

MHTepeCc K WIMPOKOMY BHEOPEHWIO CYLUSCTBYIOWMNX  CMNYTHUKOBLIX
TEXHOJMOTWIA HaBMraLMM K K NpoekraMm Hoeoi nepcnekTueHon KHC sameTHO
nosbicuncst B 3anagHoin Espone B cepegmHe 90-xX roAoB Kak criegcTBue H4eTko
BLID2XKEHHOW HaMpPaBIEHHOCTU  3anafHo-eBpONneinckoro coobiiectsa Ha
JOCTWXEeHMEe nporpecca W HEe3aBUCMMOCTM B 4acTu  obecneyeHus
BLICOKOTOYHOM HaBuUraumei esponeinckmx rpaxgaHckix notpebureneit. Tak, B
pamkax esponeickoin nporpammel EGNOS nposoasitcsi paboThl, CBA3aHHbIe C
WCCNeJOBaHMEM HOBbLIX CMYTHUKOBbLIX TEXHONOMMA HaBurauuu v BOrpocamu
noctpoeHuns nepcnektneHbix KHC (nporpaMMb| ARTES, NAFEX). B atoTt Xe
nepuog, cneuyanMcTamm POCCUNCKMX opraHusauuin (PKA, HIMO nm, PHUK
KM, LIYM-M) coBmecTHO C Hemeuxkumun cneunanuctamm (dupma DASA)
npoBeAeHbl MccnefoBaHus B 06NacTM CO3JaHWUsi HOBOW  KOCMUHECKOW
HaBUIraLuNOHHOM CUCTEMBI (nporpamma PROPNASS). Peaynbtarhl
WUCCNefoBaHnin  MOATBEPAMIN BO3MOXHOCTL cosfanma Hoson KHC ¢
XapakTepucTukamu, NpeBbILAILUMKN COBPEMEHHbIN YPOBEHb HaBUTaLMOHHbIX
CUCTEM, a TakkKe pacClupsiowen Crnektp npeaoccTaBfisieMblX — YCayr
[OMONHUTENBLHON DYHKUMEN ABYCTOPOHHEN LndPOBOA CBA3N.

OCHOBHbIE NONOXEeHWUs KoHUenuun Hosot KHC npuBoaaTcs Huxe.

2. Lllenu coapanuna n o6nacTu npumeHeHuns nepcnexrusHoi KHC
Mpepnaraevas KHC npeaHasHayeHa Ana GopMmposaHus riobajibHOro
WM PErvoHanbHOr0  HaBUFALMOHHOTO  mnons € Gofnee  BbICOKAMU
XapaKTepucTukamMu rno TOYHOCTU, AOCTYMHOCTW, LENIOCTHOCTH 1 Ap., YeMm Yy
cywecteyiowmx cuctem GPS, TJIOHACC, B uHTepecax WMPOKOTo Kpyra

v




rpaxpaHckux rnotpedurenein. Kpome OCHOBHOIO Ha3HAYeHUsi CUCTEMa MOXET
WUCMO/Nb30BaTbCA B KayeCTBe WHCTPYMEHTa [ CO3JaHusi OonepaTMBHOrO
AUCTaHUMOHHOIO  KOHTPOASA W ynpaelieHus NOABMXHbIMW  OBbekTamu,
paccpefoTOHEHHLIMN Ha BONbLLLIMX MIOWAAsX.
K npropnteTHbiM HanpaeieHusaM Mcnob3oBanus Hoeon KHC oTHocaTcs:

ynpasneHue Bo3ayLLHLIM TPaHCNOPTOM,;

HaBUraLmMOHHO-CBA3HOEe obecreyeHne MOPCKOro TPaHCMNopTa;

KOHTPOIb 1 YrpasreHne ene3HoA0p0XKHbIM TPaHCNOPTOM;

obHapyxeHue, KOHTPOmNb W NUKBUAALMS NMOCNEACTBUAN YPe3BbluaiHbIX CUTYaLUA,

cnaceHve Tepnswmx eacrene;

MOHUTOPUVHI W YNPaBneHne aBToTPaHCNIOPTOM 1 KOHTENHEPHBIMY NEPEBO3KaAMU;

cBop MeTeoaaHHbIX C METE030HAOB, OPraHN3aLmMsi MOHUTOPUHIE METEOYCIOBUIA.

3. TpeboBaHus K cucreme
K nepcnektmeHon KHC npepbsiBnaiotca  cnepyiowme  obuwue
TpeboBaHma:
HEe3aBMCMMOCTbL OT cyuectaytowmx cuctem GPS, NMOHACC;
KCnnyatauma U ynpaesneHme CUCTEeMOn NoA MEXIYHapOAHbLIM FPaXXAaHCKUM
KOHTpOneM;
Bonee BLICOKME NOKa3aTENMM TOYHOCTH, HEAEXHOCTW, LENOCTHOCTH,
HENpepbIBHOCTM U AOCTYNHOCTU  HAaBWUFALMOHHBLIX  YCIyr, 4YeM Yy
CYLLECTBYIOLLMX CUCTEM;
OTCYTCTBUE CENEKTUBHOIC JOCTYNa;
npegocrasneHve, Hapsaay C Hasuraymen, yenyr no AByCTOpOHHEN LndpoBoi
CBAI3N NOTpedbuTens ¢ UEeHTPOM, BKIHOYas TPaHCNAUMO MHMopMauuy 4ns
norpeburenen (o) LenoCTHOCTH cUCTeMbI “ LIMPOKO3OHHbIX
AndbdepeHumanebHbIX NONPasokK.
Ha ocHose TpeBGoeaHuit notpebutenet CcOPMYNMPOBaHbl OCHOBHbLIE
TpeboBaHus kK cucTteme, a UMEHHO:
1. OpButanbHas KOHMUrypauma aormkHa obecneunsars:
MOMHOE MOKPLITUE 3EMHOW MOBEPXHOCTM ANs rnobanbHOM CUCTEMbI U MOKPbITUE
3oHb! 10°c.w. -65° c.w., 11°3.4. - 61° B.4. ANSA €BPOMNEACKON CUCTEMBI;
95%-10 BEPOATHOCTb HaxoxAeHWs B paboyelt 30He BUAMMOCTM TIPW yrre mecrta
Gps215° He MeHee 5 crnyTHukoB (P(Ng,,>5) >0.95).
2. XapaKkTepuCTUKN pacrpeaeneHnsl 3Ha4YeHW reoMeTpUYEcKMX (hakTopoB
GDOP (PDOP), npuBenerHan owunbka B NceBaoAanbHOCTY [OImKHbI obecrieunsaTts
TOMHOCTb (2G) MECTOOMPEAENEHNA MO NPSMbIM U3MepeHMsM B npeaenax 5-10 M.




TouHocTb 0.5-5 M AOSDKHa AOCTMraTbCs C UCMONb30BaHNeM METOA0B U CPEACTB
ovpdepeHLmanbHON HaBuraLyin unv pexunma uaMepeHuin Ha “case HecyLen”.

3. Bpemsi peakLum CUCTEMbI Ha HEUCNPaBHOCTL ~ 2-3c.

4. Cesi3b formkHa BbiTh rnobanpHoOM (OXBaTbiBaTL BCHO 30HY obcnyxuBaHua Ans
pervoHanbHOR CUCTEMBI) U HenpepbIBHOM MO BPEMEHU.

CymmapHasi CcpefiHsisi  MpOorycKHas crnocoBHOCTL CBA3HOro KaHana Ans
oBecredeHusi LdpoBoi CBsi3bio notpebutenei B eBporenckoM pervoHe ~2Meur/c.

5. KOHTPOrb COCTOSIHWA CMYTHUKOBOW CUCTEMbI AOTDKEH ObiTb HEMPEpPLIBHLIM W
rnoBanbHeIM. KOHTpOnb 1 ynpasneHve [ormkHbI obecneunBaTbCs C MakeuManbHbIM
UCIOMb30BAHNEM HABUTALIMOHHBIX 1 CBA3HBIX (OYHKLMIA CaMON CUCTEMBI.

4. NpuUHUMNbI NOCTPOEHUS ¥ OCHOBHBLIE XapaKTepUCTUKHU
nepcnexTuBHoi KHC

Op6uTaibHble KOH@PUTypalmn

HavBonee nNepcrekTMBHLIM KIaccom OpOuUT Ans NOCTPOSHUS Kak rnoBanbHom,
Tak ¥ pervoHasbHOW CuUCTeM, YAOBMETBOPAIOWMX YNOMSAHYTHIM TpeboBaHUAM,
ABNSAIOTCS 2€0CUHXPOHHbIE HaKIIOHHbIE opbumsi (FCHO) (sxroyas
2eocmaytioHapHbie opbumei (ICQO)).

KoHdurypauws, KoTtopas fipyi MUHWMarbHOM 4MCne CnyTHWKOB — 24 -
oBecneunBaeT euinonHeHue ycnoeuin P(Ng,,>5) 20.95; P(GDOP<5) >0.95; Gp215° B
rrno6anbHOM BapyaHTe UMEeT CIeAYHoLMe XapakTepUCTHKA: KOSIMYECTBO CryTHUKOB
— 24; xonnuecTBo opbuTankHbIX MMOCKOCTEN, pas3HeceHHbIX Ha 120° no gonrote - 3;
HaknoHeHue - 60 - 65°; nepuop - 24 vaca.

WabbiroyHoe umcno HKA - 3-6 (no orHoweHwno k 24 HKA “MUHUMansHON”
KOHGUrypaLumm) Nno3sosnsieT NoCTponTb CUCTEMY, YCTOMYMBYHO K Bbixoay u3 crpos 1-2
HKA. Mp1MepoM TakoW CUCTEMb! ABAETCS CUCTeMa, COCTOSALLAA 13 30 HKA (3x10).

PervoHanbHas (eBporenckas) cucrtema, yaoBneTsopsitoLLan TpeboBaHuAM Ha
BCEM CyTOUHOM MHTEpBane, MoXeT ObiTb NocTpoeHa Ha 6ase 15 HKA, BbiGpaHHbIX
13 “MUHUMANBHOW KoHurypaumm (24 HKA) rnobanbHON cucTembl.

MposefeHbl  nNpeaBapuTenbHble  UCCReAOBaHWUA KOHUrypaumn  Ans
pervoHarnbHbIX CUCTEM, HE SBASIOLMXCA HacTbio rnobansbHoi cuctems!. NokasaHo,
4TO MOryT GbITb MOCTPOEHBI CUCTEMbI, YAOBNETBOPAIOWME BCEM NEPEYMCNEHHBIM
Bbllue TpeGoBaHUsM Ha BCEM CYTOYHOM uHTepBane, ¢ YCnoMm HKA nopsigka 10-12.

MpoBefeHHbIW  aHanMs  YCTOW4MBOCTY opbuTtanbHbIX  KoHbUrypauui  no
OTHOLLEHUIO K BO3MYLLAIOWMM (hakTopam MoATBEPAUTT BO3MOXHOCTE MOAACDXKaHUA
opbuTanbHbIX KOHdUrypaumin B Tpebyembix npejenax nyTem nepuonyecku
MPOBOAMMbIX KOPpeKUmiA. Mpu 3TOM Ha NOAAEpXaHUe opueHTauum U KoppeKkuumto
opbuThl HasuraumoHHoro KA tpebyetca He Honee 25 kr ToNnMBa NpU BPEMEHU
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aKTUBHOro cyllecrsoBaHusa cnyTHuka 10 net. MNpeanoxeHa ontumansHas crparerys
MPOBEAEHUA KOPPEKTUPYIOLLMX MaHeBpOB, yuuTbIBaloLlass OCOBEHHOCTU yxopa
CMYTHUKOB M3 “HOMKHAIBHOW TOUKM” .
Yacrorueie aunaria3oHbl cucTemsl

Ha ocHoBe uccnefosaHns SOCTWKMMBIX TOMHOCTEW, BOCTYNMHOCTY Y4aCTOTHbIX
AvanasoHoB, rafapuTHO-MacCOBbIX  XapakTepucTuK  annapatypbl wn  ee
3HepronoTpebnenna onpedeneHsl yacmomHsie duana3oHsl pabomsl CLUCMeEMBbI:

AN HaBUrauMoHHOINO CUrHana - OCHOBHOW BapwaHT. Tpu 4acTtotbl B L-

AnanasoHe, CrexkTp ABYX 13 KOTOpbix 6/IM30K K avanasody 4yactoT NMOHACC

(sanacHov BapumaHT: ogHa 4acroTta B L-agnanasoHe, BTopas B C-guanasone);

YyacToTa fansHomepHoro koaa pasHa 8 - 10 MiTy;

AN CBA3HOIO cCurHana - OCHOBHOW BapuaHTt. S-auanas3oH Ans MoOMnbHOW

CBSI3W (3anacHol BapuaHT: C-ananasoH), X-AuanasoH 4515 (uaepHON CBA3U.
Becosble u sHepeemuyeckue xapakmepucmuku

C yyeToM nepcnekTuBHBIX TEXHOMOTNA onpedernieHbl OCHOBHbIE B€CO8ble U
3HEepaemuYecKue Xxapakmepucmuxku HaBUraLMoHHOM U CBS3HOW NOME3HON Harpy3Kku,
cnyeBHbIX NOACUCTEM KOCMWUYECKOrO annapara, OnpeAeneHbl KOMITOHOBOYHAS
cxema U obwul 0b6slUK KOCMUYECKO20 annapama, ero CymMmapHble BecOBble U
3HEepreTUYEecKMe XapakTepucTuky, KOTOpbie COCTaBnsoT. oblwan macca cryTHuKa -
1000 - 1250 «r; obuiee aHepronoTpebtneHue - 1325 - 2550 Br.

PaszBeprsiBaHne cucTems!

Ana  passepTbiBaHusi  opbuTanbHOM  rPyNAVPOBKM  MNPEAJIOKEHO  Ba
BapuaHTa: OAUHOYHbIM 3anyck - HocuTenb “Coto3-2” ¢ pasroHHbIM Griokom “dperat”
(kocmogpom [necewk); rpynnosoit 3anyck - Hocutenb “NMpoToH-M” ¢ pasroHHbIM
6nokom “bpus-M’ (kocmogpom baitkoHyp).

Ha3semHbIl ceamenm ynpaeneHus

CdopMynupoBaHbl NPUHLMNBI  OpraHvW3auvy  ynpasneHus CUCTEMON U ee
MOHUTOPWUHra, Ba3npyoLMecs Ha naee UCTIONb30BaHUA CETU HA3EMHbIX KOMaHJHO-
TENeMeTpPUYECKUX N  KOHTPONbHO-UBMEPUTENbHbLIX  CTaHLUMWA,  BbIMOMHSAHOWMNX
dyHKUMM NpueMa/nepepadn KOMaHOHO-TeNeMeTPUIECKOm un n3MepuTenbHon
nHopmaLmn, CUHXPOHU3aLUK BPEMEHW, MOHWUTOPWHra CUCTEMBI n
obmeHuBalowmxcs  uHpopmauymerr ¢ LleHTpom  ynpasneHust cuctemon
ucnone3osaHuem cnyxebHoro (huAepHoro) KaHana CrnyTHUKOBOWA HaBUralyMoHHO-
CBSI3HOW CUCTEMBI.

Tompebumensckuli ceameHm

Ha paHHOM 9aTane wuccrnefosBaHWA npeABapuUTEnbHO ONpefeneHbl YeTbipe

OCHOBHbIX Knacca noTpedtuTensCkoi annapartypbl, OTnuyarowmecss rabapuTHo-




MacCOBbIMMA  XapaKTepucTVIKamy,  CKOPOCTbIO  mpuema/nepejayn  AaHHbiX,
noTpednaemMoit MOLLHOCTbIO. JTO:

mMaccoBasi nopTaTveHas annaparypa norpeburens;

nopTaTusHasi annaparypa Tuna “HootoyK’;

annapartypa anst MobunbHbiX 0O LEKTOB;

cTauvoHapHas annaparypa ANs NPYMEHeHUs B MOPCKOM rioTe, asuaumvy, X.-4.

TpaHcnoprTe.

[Insi K=KAOrO KNacca OrpeAeneHbi OCHOBHble xapakrepucTuku. Kpome Toro,

onpeaeneHsl CTPyKTypa W COCTaB CpeAcTB noTpeduterbckvx  onepauyoHHbIX
LeHTpOB.

Mpennaraembiit  BapuaHT nepcnektuBHoit KHC  Gasupyetcsa  Ha
COBPEMEHHbIX TEXHONOTMAX W 3NeMeHTHON 6ase n He TpebyeT npoBeaeHUs
[ONOSNHUTENbHBIX HAay4YHO-UCCNenoBaTensckux paspaboTok. C ydeTom onbiTa,
HAKOMMEHHOr0 BEeAYWWMW POCCUIACKMMM  npeanpustusmm B obnacTu
KOCMUYECKON HaBuraumy, NPOeKTMpoBaHue 1 co3gaHne OCHOBHbIX 31EMEHTOB
cucTeMbl (BKIOYaA MOATOTOBKY W 3anyck 1-2 3kcnepumeHTanbHbiX KA)
peaibHO K Hadany CneayoLwero JecatuneTms.
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Bo3mo:xHOCTH M HEpeneKTHBLI uenosp3osanus MBP u BPTLI
B KAYECTBE CPEACTE BLIBEACHUA MAJBIX CTIyTHHKOB

B. YrxuH, A.Ocamuenxo, I1. Bpacnasckuit, M.Iapos
ITHNHMam
141070 r. Kopones, Mockosckast oG1acrh,
yi. TTuonepckas; 4
®Daxc: (095) 5135649

CraThsl MOCBAIUIEHa AHANN3Y BO3IMOXHOCTEH CO3NAHUS W NEPCHEKTHBAM
JICTIONb30BaBKs IS BBLIBSJCHUS MallbiX CIYTHUKOB IOANESKAMMX NUKBHAALMM
GAIUIMCTIYECKIX PAKeT HA3EMHOTO U MOpPCKoro Gasuposanus. OrMeqaercs, 4TO B
CYMIECTBYIOIMX YCIOBUSX OFPAHMUEHHOrQ QMHAHCHPOBAHWS KOCMMYCCKHX TIpO-
FpaMM, OpYMEHEHHE OTHOCHTEILHO JELIEBBIX KOHBEPCHOHHEIX PaKeT-HOCHTENCH
6yzmetr crnocobeTBOBaTh NPAKTHYECKOH peanu3aluid HOBBIX KOCMUYECKHMX TEXHOIO~
I'¥ii ¥ Pa3BEpPTHIBAHUIO CIYTHUKOBLIX CHCTEM Ha ocHOBe Manpix KA.

Cocronane pa3paGoTKy 1 COINANUA KOHBEPCHOHHLIX
paKeT-Hocurenei

B macTosinee BpeMs NPOBOMUTCS IIHPOKOMACINTAGHOE COKPAILCHHE CTPa-
TETMYECKMX HACTYNATEIBHBIX BOOPYXCHHH. 3HAUMTEIbHAS YaCTh PAKeT YXKE JIHK-
BUUPOBaHA, OIHAKO B Ombaiimue 10 JeT NpeACTOUT CHATE C BOOPYXEHUS Bonee
1000 paxer Ha3eMHOro ¥ MOPCKOTro GasMpOBaHMs. YHHYTOXCHHE TaKOTO KO-
YeCTBA PAKET SBIAETCA JOPOTOCTOSANICH M SKOOTMMECKY ONTaCHON oponenypoit. B
to xe Bpems moroBopamu CHB npenycmoTpeHa BO3MOXHOCTb MCHONL3OBAHMS
GOEBBIX PAKeT B MUPHBIX LEJSX I 3allycka KocMuuecknx obbekros. Ilo sTomy
BONPOCY MMeeTcss psaj noctamomnenuit  Ilpasurensctea P, opoGpena
“DeyiepanbHas HENeBas MPOrpaMMa MPOMBIINICHHON yTHIH3AUNA BOOPYXKCHUH ¥
BOEHHOH TEeXHMKHM Ha nepuon xo 2000 roma”, B KOTOPOH TAKKe NPEHyCMOTPEHEI
paboTei o nepeobopynosanuo MBP i BPIIJI B pakersi-nocuTtenu KA.

IIHUMMawm, HAU u KB orpacin ObuiM NPOBEAEHB! COOTBETCTBYIONME
IPOEKTHHIE UCCIEXOBAHMSA M NMOKA33HA TEXHUYECKAs BO3MOXHOCTE H 9KOHOMHUYE-
cKas 1enecoo0pasHoCTh NCIONB30BAHNA 3HAUMTEIILHON YacTH CHUMAEMBIX ¢ BO-
OpYXeHHs pdKeT MO HOBOMY HasHaueHuio. IIpH 3TOM ORHOBPEMEHHO pemiaeTes
3a7ava ux JUKBUAALMH MeTOOM mycka, OCHOBHEBIE MPOEKTHl KOHBEPCHOHHBIX pa-
KeT-HOCHTENeH NPUBEeACHEl Ha puc. 1.

MakcuMalbHbEe SHepreTHueckde xapaxrtepdcrukn umeer PH “Ilmenp”,
cosnaBaemas Ha Gasze MBP PC-20. Jlaxe nmpakTH4eCKu B ILTATHOM BapuaHre sTa
paKeTa co CTapTOBOH Maccoi 0koo 210 T MOXKET BEIBECTH Ha HH3KYIO OPOHTY 110
4,5 T nonesnoro rpysa. Ilpu aToM HopaGoTky paker OyAyT 3aKIIOYATRC B H3ME-
nenuy anroputma CY, obecrieyeHnn SIeKTPUYecKuX cBasedl ¢ KA, ycTaHOBKE Te-
JIEMETPUUECKUX CHCTEM U M3TOTOBJICHUHM HOBOM PAaMBI JUI YCTAHOBKU M OTHCHEHHA
KA. Ilpumenenue ya PH “Jinenp” XONONHUTENLHOU PAsTOHHOM CTYHEHH NMO3BO-
JIUT BHIBOIUTH Ha HU3KWE OpBuThl Gosee 5 T MONEIHOTO IPy3a WM CYMECTBEHHO
NOOHATH BBICOTY OPOHUTHI (BIUIOTL IO Peau3ald TPAaeKTOpuM X QuuxaiimM
maneram). B ampene 1998 r. ¢ xocmompoma balikonyp yCrmewiHO NpPOBENIEH Jie-

B.¥1run, A.Ocamuenxo, IT.Bpacnasckuit, H.1lapos
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30BaTLCH TEXHOIOIMM U 3j1eMeHTh! paker PCM-52 u PCM-54, nimauupyerca peanu-
30BaTh HOBLIE BUIB 6a3upoBanus ¥ cTapTa (KopabenpHbli, CAMOIETHELH).

Paxera-HocuTens ”Bomna”, cosmannas Ha 6ase BPILJI PCM-50, (craproBas
Macca OKOJIO 34 T) MCIONBL3YETCs, B IEPBY OUepellb, NPY MycKax no OamiucTh-
YECKMM TPASKTOPUSIM IUI PEIIeHUd 3a1a4 OTPabOTKH TEXHOJIOTHI MOMydYeHUs Ma-
TEPHATIOB'B YCIOBUAX KPATKOBPEMEHHON MUKPOTPaBUTAIMH U JAPYTUX HCCIIENOBA-
Hui. HagamoM KOMMEpPYECKOTrO HCIONb30BaHus koHBepcupyemsix BPITJT moxuo
cunTarhk nyck B 1995 rogy PH “Bonua” ¢ TepMOKOHBEKIIMOHHEIM MOIyseM Bpe-
MeHcKOoro yHuBepcurtera (I'epManus).

Vlcnons30Banre B KOHBEPCHOHHBIX PaKeTax yxXe pa3paboTaHHOM M M3ro-
TOBJIEHHOM MaTE€pPHaNbHON YacTH NPENONpeneNsieT CYMECTBEHHO MEHbLINE 3aTpa-
ToI Ha cozmanne PKK u nporenenue myckos PH.

OcHoOBHBIE HAITPABJICHUS MCITOJb30BAHUA

Ananus BO3sMOXHOCTeN kxonsepcuoHHbIx PH (o snepreruke, rabGapuram
NOJIE3HOI'O T'py3a, HANIEXKHOCTH, CPOKAM ISKCIUTyaTallyy, PacrnoiaraeMoMy KOJH-
YecTBY pakeT ¥ T.H.) [TOKa3aN, YTO UCIOIB30BAHUE STUX PAKET, U B NEPBYIO OYe-
pens PH “/Inenp”, no3BONMT BIIONHKTD BCe 3axaun PeIepanbHOl KOCMUYECKOH
nporpammel Poccuu mo BeiBemennio KA merxkoro ximacca, a TakXe NPOBORUTH
KOMMepYecKre 3anycku 3apybexHeix KA. :

Haun6oinee nepcieKTHBHO MCHONB30BaHKE KOHBEPCHOHHBIX PaKeT B CHCTeE-
Max HHU3KOOPOHTANBHON CBs3H, AMCTAHIMOHHOIO 3OHAMPOBAHHA 3eMJlH, METeo-
POJIOTHH W HABHT'AL¥H, KaK Y HAC B CTPaHe, Tak ¥ 3a pyGexxoM. BosMoxHO mupo-
KO€ IPUMEHEHNEe 3TUX PaKeT Ik NPOBENCHHs HAYYHBIX 3KCIEPUMEHTOB B KOCMOCe
(KOCMHYECKast TEXHOIOTHS, H3YYEHHEe KOCMMYECKOTrO IPOCTPAHCTBA U Ap.). 3asaBKU
Ha OPOBEACHUE IIYCKOB B 3THX UENAX MOCTYNAIOT OT Poccuiickof akagemMuy HAYK,
Pa3IMYHBIX POCCHHCKHUX M 3apyOexHbIx pupMm. Bonbuioh uHTEpeC NPENCTaBILIIOT
IIPOEKTHI UCIONBL30BaHYs OaNIHCTUYECKUX PaKeT IS CO3MaHus IIOOambHbIX CH-
CTeM ONMEpaTHBHOM MOMOINM TepusuuM GefcTBHE B OKeaHe, cHCTeM OOpnOHI ¢
TPONMUYECKUMH LIMKIOHAMHM ¥ APYIHE. )

Peanusanyss MHOTOYMCIEHHBIX IPOEKTOB co3manusa KA jerxoro mu
CBEPXIIETKOTO KJIACCOB HACT BO3MOXHOCTh HAWTH CBOIO HMINY HPaKTHYECKH KaX-
JIOH U3 npenaraeMbIx paker.

OCHOBHBIMH CHEPXHEBAaOLUMU (AaKTOPaMH IO CO3JaHHIO M HCNONb30Ba-
HHUIO KOHBEPCHOHHBIX Paxer SBISETCS OTCYTCTBHE HEOOBXOMMMBIX (PUHAHCOBBIX
CPENCTB ¥ Nperpansl 3apyOeXXHbIX PAKETHBIX (GUPM MPOHUKHOBEHHIO OTHOCHTENL-
HO IELIEBLIX CPEACTB BBIBEACHMS Ha MEXIYHAPOHHBIH KOCMUYECKHHA DPBIHOK. On-
HHM M3 IIyTed pelneHys 3TOH 3afayu ABIAETCS CO3[MaHWe COBMECTHBIX NMPERIIPui-
THif, WIM 3aKIIOUERHE COTJAIICHKI ¢ 3apyGeXHBIMU (PUPMaM, B KOTOPBIX HHO-
cTpanHas cropoHa Oyzer obecrneynBaTh MHBECTHPOBAHHS MPOEKTa ¥ MapKETHHT
paxer-HocuTenell Ha 3apyOeXKHOM PBIHKE. OTOT NyTh M PEANU3yeTcs cenyac IpH
CO3/ITaHUM KOHBEPCHOHHBIX PAKeT.

Taxum 0o6pa3oM, B CYIIECTBYOLIMH nepexonHsiii nepuon GopMuposBaHus
POCCHICKON CHCTEMBbl KOCMHYECKHX CPEACTB BBIBEIEHHs, KOTAA B YCIOBHAX Orpa-
HUYEHHOTO (HMHAHCUPOBAHMS CO3JAHME HOBOHM DaKEThI-HOCHTENS JIETKOIO Kiacca
oxupnaercs He panee 2007-2010 r.r., a BHIIYCK CTaphIX JIETKHX paKeT-HOCUTENeH
YK€ MPEKPAIIeH, BRIXOL U3 CO3MABIIETOCs MOTOKEHUs BO3MOXEH IyTeM nepeoso-
pynoeauus B PH SamucTHyYeCKuX PaKeT, CHUMAEMBIX C BOOPYXeHHS.

B.Yrrus, A.Ocamemco,'H.Bpacnancunﬁ, H.Ilapos




MOHCTPALUMORHEIR myck npoToTina PH “Iuenp”. C 1999 r. mianupyeTcs HavaTh
KOMMEPYECKHE TIYCKH PAKETE.

At peanusauuu npoexra “Imenp” cosmana MexayHapoamas KocMuge-
ckast xomnauma “Kocmorpac” (8 Hee smxomar I'KE  “IOxnoe”, IIO
“Kxmanzason”, AO “Xaprpon”, Pocobmemaw, ACKOHJ, ITHUMMaru u ap.)
B Cornacosannom 3asenaennu Ilpesnnentos Pocenu n Yxpause ot 31.05.97 r.
cosfauue xoMmrulekca “JIHenp” onpeneneHo kak NIPHOPUTETHAS 3a5a4a.

I'K HIII] um. M.B. Xpysuaesa paspaborana PH “Pokor”, Hémons3yomas
Gmox yckopurens MBP PC-18 u pasronnsrit 6nox (PB) “Bpus”, Craprosas macca
pakets! - 107 T, Macca nonesHol Harpys3xu Ha Huskoit opbure - no 1,9 1. B 1994 r.
u3 HIITY xocmompoma BalkoHyp npoBezien nepBeli yenemreri myck stoit PH ¢
BLIBEJICHMEM Ha OKONO3EMHYIO OpOuTy cnyTHuka ceasu, C 1999 r. mmanupyeres
nposomuTk nycku PH “Pokor” ¢ xocmonmpoma Ineceux u3 Hasemuol nepeoGopy-
nosannoi ITY PH “Kocmoc”, o

HITQ MammsocTpoenus nogrorosney npoekt PH “Crpena” Ha Gase MEBP
PC-18 (craproras macca - 105 T, nonesnas narpyska ~ mo 1,7 ). Ilepsaiit myck
npeanonaraercs B 1999 r. ¢ kocMozpoMa Baikonyp.

HTIY “Kommuexc-MHT” (MoCKOBCKHE MHCTHTYT TENIOTEXHUKM) paspa-
Bortano cemeifcteo TpancnopraGensusix PH “Crapr”, MCHONB3YIONUINX ‘TeXHONO-
Iuy ¥ sneMenTrl noxsmwikgora PK PC-12M (nonesnas marpysxa PH “Crapr-1” -
o 0,6 1, craproBas macca - 47 1), PH “Crapr” - coorsercreenso 0,9 T 60 7. B
1993 r. npomepen mepehiit myck PH “Crapr-1” (yememnnl), B 1995 r. - PH
“Crapt” (aBapuiinbiif). [Iycku mposenenst ¢ Hasemusix IIY xocmompoma Ilie-
cenx. B 1997 r. ¢ HoBoro xocmozmpoma CBOGOAHbIN MPOBEASHO IBa KOMMEPYECKUX
nycka PH “Crapr-1”. -

KB “HOHOe HOArOTOBNEHO MPEUIOXEHME [0 UCTIONL3OBARMIO TBEPAOTOI-
musHO# MBP PC-22 my1a samycka KA maccoit 1o 1,5 T. Ilycku MOXHO NPOBOAUTE
u3 HIITY xocmompoma Ilneceny, MiyH ¢ XeEMe3HOROPOXKHOM MIaTGopMEL.

- I'PIT “KB um. axagemuxa B.II, Maxeepa” paspaGoTaso HECKONMBKO MPOEK-
ToB PH na Gase BPILJL. ' , '

OnHUM M3 Tak#X IIPOEKTOB ABAACTCH Kommreke “LlTums”, paszpabarsiBae-
Meli Ha Gase BPIIJI PCM-54 (crapTosas Macca pakeTst okono 40 T).

Heppeii aTan paspaGorkn — PH “Ilruie-1”. B aTom BapHanTe monesHas
Harpys3ka (Macco¥ mo 100 xr) pasMemaercs B INTATHOM OTCEKE, MyCKH PAKEThI
OCYLISCTBIAIOTCA € noasBomuoi jomku tupa “Hemedun”. B mrome 1998 r. ¢
NOJBONHOM JOJKH YCIEIIHO nNpoMsBenel mepeelil myck PH “HItpme-1” ¢
BBIBEZICHHEM HA OKONO3eMHYIOK OPOHTY HEMENKOro MAJIOro CIfyTHHKA.

Ha Bropom srane (PH “Illtmmb-2“) mpoBogsres RopaGoTKM pakeTH B
93CTH YBEIHYCHHA OTCEKA MONE3HOM HATPY3KYU M YCTAHOBKH (IIPH HEQOXOOUMOCTH)
AONONHUTENLHON pasroHHOM crynenn. Macca nonesHoro rpysa PH “Hltuns-2”
sospacreT n0 350 xr. Ilycku PH “ITmnb-2” MOTYT UPOBORMTLCS ¢ HA3ZEMHOIO
CTaPTOBOT'O KOMIIIKCa. ‘ ,

IIpoexrsi PH “Hpuboit” » “Iltune-3” B apnanponnom (“Aspokxocmoc”) u
nazemHom (“CeBepxocMoc”) BapuanTax o6nafaroT CyHIECTBEHHO OONBIIAMHU
SHEPreTHYEeCKHMH BO3MOXHOCTAMH, yeM PH “Illtune-17. OHu HMEIOT crapToByIo
maccy no 104 T (“IIpuboir™) u oxono 45 T (“Itune-3"). 3tu PH criocobunl no-
CTaBmATh HA HuU3KMe opbuthl KA mMaccoii: mo 2,4 t (“IIpuboir”), mo 09571
(“Aspokocmoc”), mo 0,4 T (“CeBeprocmo¢”). B 9THX NpoeKTax MOMKHEI HCTONb-

B.¥Ymun, A Ocaguenxo, I1.Bpacxascxuii, H.1lapos




ICBM and SLBM Using Possibilities and Prospects
as Means for Small Satellites Launch

V.Utkin, A.Osadchenko, P.Braslavskii, I.Sharov
TsNIIMash
141070 Korolev, Moscow district,
Pionerskaya, 4
Fax: (095) 5135649

This paper addresses the possibilities of implementation and prospects of
utilization analysis to be destruction ground and sea-based ballistic missiles for
small satellites launching. It is stated that in existing conditions of space programs
limited funding relatively low-cost conversion Launch Vehicles (LV)
utilization will promote practical implementation of new space technologies and
based on small spacecrafts (S/C) satellite systems development.

State of Conversion Launch Vehicles Development and Production

Nowadays a large scale strategic weapons limitation is being performed. Most
of the missiles were destroyed already, yet during the nearest 10 years it is
necessary to remove more than 1000 ground and sea-based missiles from service.
Destruction of such quantity of missiles is an expensive and ecologically
dangerous grocedure. At the same time agreements on startegic offensive weapons
allow possibility of military missiles utilization as space objects launched for peace
purposes. There are some RF Government decisions on this item. “The Federal
target program of weapons and military technics industrial utilization up to
2000th year” was approved. In this pr&;ram also provisioned the works on
reeciluipping of Intercontinental Ballistic Missile (ICBM) and Submarine-Lauched
Ballistic Missile (SLBM) into LVs for S/C. '

Branch design bureaus, scientific-research institutes and TsNIIMash have
executed appropriate desigh investigations and demonstrated technical possibility
and economical expediency of the great portion of removed from service missiles
using for new purposes. Simultaneousily 1t solves the task of their liquidation with
the help of launchm%.,The figure 1 shows the basic designs of conversion LVs.

The “Dnepr” LV developed on the base of SS-18 ICBM has the maximum

ower performance. Even practically in the baseline option this missile with
aunch weight about 210t can place into Low Earth Orbit (LEO) payload with
weight up to 4,5t. By this the missiles upgrading will include control system
alforythm modification, electrical connections with spacecraft providing,
telemetry systems installing and producing of new frame for S/C mounting and
separating. Utilization of additional upper stage with “Dnepr” missile will allow
to place into LEO more 5t of payload or essentially to raise orbit height (up to
flights tothe nearest planets). The “Dnepr” LV prototype was launched
succesfully for demonstration purpose from Baikonur cosmodrome in April 1998.
It is planned to begin missiles commercial launchings in 1999.
or “Dnegr” project realization the “Kosmotras” International Space
Company (ISC) (including State Design Bureau “Yuzhnoe”, Production
Association “Yuzhmashzavod”, Stock Company “Khartron”, Rosobschemash,
ASCOND, TsNIIMash and oth.) was established. The complex “Dnepr” creation
gvla% ;legf;ned as priority task in joint statement of Russia and Ukraine presidents

Khrunichev_State Research and.Production Space Center (Kh SRPSC)
developed the LV “Rokot” which used booster from SS-19 ICBM and “Breeze”
?per stage. Weight at launching is 107t, payload weight at LEO — up to 1,9t.

irst successful launching of this missile was executed from Baikonur cosmodrome
silo-launcher with placing into orbit communication satellite in 1994, It is planned
to start LVs “Rokot” launchings from upgraded ground “Cosmos” launcher of
Plesetsk cosmodrome since 1999. ’

V.Utkin, A.Osadchenko, P.Braslavskii, I.Sharov
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Scientific-Production Machine Building Association (NPO Mashinostroenia)
prepared the «Strela» LV project on SS-19 ICBM base (launch weight is 105t, payload
weight — up to 1,7t). The first launching is planned in 1999 from Baikonur
cosmodrome. '

Scientific and Technological Center (STC) «Complex-MIT» (Moscow Institute of
Heat Engineering) developed transportable LVs family using elements and technologies
of transportable SS-25 missile complex (launch weight — 47t, «Start-1» LV payload
weight — up to 0,6t), «Starty LV — 60t and 0,9t accordingly. The first launc?u'ng of
«Start-1» LV was executed in 1993 (succesful), «Starty LV launching —in 1995
(emergency). Launchings were executed from the ground launchers of Plesetsk
cosmodrome. Two commercial launchings of «Start-1» LV were executed from
«Svobodny» cosmodrome in 1997. '

The «Yuzhnoe» Design Bureau prepared the proposal on the use of solid-propeliant
SS-24 ICBM for S/C with weight up tp 1,5t launching. It is possible to execute
launchings from Plesetsk cosmodrome silo or from platform.

The State Rocket Center Makeyev Design Bureau developed some LVs projects on
base SLBMs.

One from these projects is «Shtil» complex developed on the base of SS-N-
23 SLBM (missile launch weight is about 40t).

The first phase of development is «Shtil-1» LV. In this option the payload (weight
up to 100kg) is accomodated in existing compartment, launchings are executed from
«Dolphin» type submarine. The «Shtil-1» LV first successful launching with small
German satellite placing into LEO was exécuted from submarine in July 1998.

During the second phase («Shtil-2» LV) missile upgrading for payload
compartment increasing and additional upper stage installing (if it is necessary) are
being executed. The payload weight of «Shtil-2» LV will be increased up to 350kg. LV
launchings will be executed from the ground launcher.

«Priboy» and «Shtil-3» LV projects in aviation («Aerokosmoc») and ground
(«Severkosmos») verisons have essentially larger power possibilities than «Shtil-1»
LV. They have launch weight up to 104t («Priboy») and 45t («Shtil-3»). These LVs can
place into LEO S/C with next weights: up to 2,4t («Priboy»), up to 0,95t
(«Aerokosmosy), up to 0,4t («Severkosmosy). In these projects SS-N-20 and SS-N-
23 missiles technologies and elements must be used, it is planned to realize the new
methods of basing and launching (ship, aircraft).

«Volna» LV developed on the base of SS-N-18 SLBM (launch weight about 34t) is
used first of all for launchingsinto ballistic trajectories for matherial producing
technologies experimental development in short-term microgravity environment and
other investigations. It can consider the launching ofthe «Volna» LV with
termoconvection module executed by Bremen university (Germany) in 1995 as start of
conversion SLBM commercial utilization.

Using in conversion missiles early developed and produced hardware predefines

‘essentially less expences on space rocket complexes development and launchings.

Utilization basic directions

Analysis of conversion LVs possibilities (power, payload dimensions, reliability,
working life, disposed missiles quantity, etc.) showed that these missiles and «Dnepm
LV first of all would allow to execute all the tasks of RF Federal Space Program on
light-weight S/C launching, and foreign S/C commercial launchings.

It is the most perspective to use conversion missilesin low-orbit satellite
communications systems, for Earth remote probing, meteorology and navigation in our
country and abroad. It is possible to use these missiles for scientific experiments
excuted in space (space technology, space investigations etc.). Requests on launchings
with these purposes were received from Russian -Academy of Sciences, various
Russian and foreign companies. The projects of ballistic missiles usage for global
systems development, for operative help insea catastrophes, for tropical cyclones
warning etc. are very interesting.

V.Utkin, A.Osadchenko, P.Braslavskii, I.Sharov




Implementation of light-weight and super-light-weight S/Cs numerous projects will
give possibility to find own place practically for each from proposed missiles.

Basic restraining factors on conversion missiles development and utilization are
absence of necessary investments and foreign companies obstacles for relatively cheap
LVs penetration at international space market. One of the ways of this task decision is
establishing of joint enterprises or concluding of agreements with foreign companies, in
which foreign partner will provide project investing and LVs marketing on foreign
market. This way is being realized in conversion missiles development now.

Thus during current transitional period of forming of Russian system space
launching facilities when in conditions of limited financing the development of a new
light-weight LV is considered not earlier than 2007—2010 and old light-weight LVs
production was ceased, exit from existing state is possible by means of reequipping into
LVs removed from service ballistic missiles.

V.Utkin, A.Osadchenko, P.Braslavskii, I.Sharov




JIETKUE PAKETHI-HOCHUTEJIN HA BA3E
BAJTNIMCTUYECKUX PAKET, CHUMAEMbBIX C BOOPYXEHMUA.
TIEPCTIEKTUBBI POCCHIICKOTO 1 YKPAMHCKOI'O COTPYIHUYECTBA
C.H. Konioxos, K0.A.Cmeranun, O.H. [Ipobaxun
(TKB “IOxnoe” uM.M.K.Suremns, r.JHenponeTposck)

OCHOBHEBI¢ IIPEMIOCBUIKA I UCIOMb30BaHus paker PC-20,

B HacrosinieM Aoxiiane pacCMOTPEHbI OCHOBHBIE OCOGEHHOCTH CO3JaHMs PaKeThl-
HocuTea “JIHernp” Ui 3aIycKa KOCMHUYECKHX OOBEKTOB B MHPHBIX HeJsIX Ha Gase
SaumucTryeckux paker PC-20, cHuMaeMbIX ¢ 6O€BOTO AEXYPCTBa.

JIOroBOpOM O COKpaMICHAW ¥ OrPAHMICHMH CTPATEIHYECKUX HACTYyNATENbHBIX
BOOPYXCHUN MPEAYCMOTPEHO CHIATHE ¢ OOEBOro AeXYpCTBa M YHHYTOXKEHHE okono 300
MBP PC-20. JluxBunanys pakeT IMyTeM YHHUTOXEHHS - JOCTATOYHO JOPOTOCTOSILAS
Oopoueaypa IO JCMOHTaxXy H, coﬁcmeﬁﬂo, YHIITOXCHUIO pakeT (250 MIIH.py0 Ha
pakety).Bmecre ¢ TeM, [lorosopom pa3peliactes ucnosib3oBaHne paker PC-20, cHATBIX
¢ B, mns “nmoctaBKul 00BEKTOB B BepxHUE ciiod arMocdepst wiu B Kocmoc”. (Crates
IV, n.4.8 CTAPT-1; Cratpa II, m.6 CHB-2). Texumueckue Bozmoxuocty MBP PC-20
HO3BOJIAIOT!

- ¢ BBICOKO# cremeHbic HamexHocTH (0.97) ofeciednTs BhIBEHCHHE HA
OKOJIO3CMHBIC KPYTrOBBIC W SJUTANTHYCCKUC OpﬁﬂThI KOCMHYCCKMX arrapaToB BECOM
3...4 TOHHBI,

- HCIIOJb30BATh UMEIOLIYIOCH 30HY IS PasMEILCHUS MOJIE3HOrO rpy3a oGbeMoM
21m%;

- MCIIONIB30BaTh T 3anycka KA uMMelonyecs X HactosimieMy BpeMmeHH Oosee 200
PAaKer; » '

- HCIIONB30BaTh  CYLIECTBYIOW(yIo HMHGpacTpyKtypy xomiuiekca PC-20 Ha
KOCMOIIPOME Baﬁxonyp (I1y, XI, TII, nsMepmeJmHm‘fl KOMIUIEKC, IIOABUNXHOE
TEXHOOTHYECKOE oGopynosaﬁne;

PaGorel 1no cozmanMio. komiutekca “/IHenp” IMIpOBOASITCS B COOTBETCTBHU C
[MoctaHomnenueM Ilpasurenncrsa PP or 22.10. 92r. Ne820, or 25.05.94r. Ne548 u
onpezienedsl B ComtacoBaHHoM . 3assinennn IIpesnneHToB Poccuy B YKpaHHBI OT
31.05 97r. xkak npuopuTeTHasA 3a1ava. BeimonHeHHe Tako# paGoTsl TpeGyeT HaTeXKHOIO
U TECHOIO .COTpyAHUYecTBa MuHoGoponst P®, crnenmammsuposanubix KB, HUH u
3aBONOB.. B OmwmkaiuteM Oynywem orta pabora SIBUTCS. OCHOBOH  JICATCIIBHOCTH -

MexmynaponHoli KOCMHYeCKOl KoMnaHuu “KocMoTpac™, co3aaBaeMoil MpeaIpUsTHs~




M Poccuit w1 YKpauHsi.

i

OcHoBHBIE HanpaRIcHUA paboT 1o cozpanuio PKK “Iuenp”

[Iposenenbie TKBE “HOxuoe”, AO “Ackonx”, “Kocmmyueckas uHIycTpusS” H
APYTHMH OpPIaHU3AIMSIMH paGoThY 1O HCC/ACHOBAHUIO BO3ZMOXHOCTH HCIIONb3OBAHIUST
paker PC-20 B xadecTBe pakeT-HOcHTenel mis 3amycka KA noxasaid, YTO TAKOH
TIOIXOJI TIO3BONUT OOECHEYNTh PEINCHHE PSA HAPONHOXO3SICTBEHHBIX M CHICHHMATbHBIX
3a7ay MpH 3HAYMTEIBHOM SKOHOMHM MaTepHUAIBHBIX cpencTs (opOuranpHast cBa3b,
JUCTAHIIHOHHOE 30Hnnpoaamie 3eMaM, KOoCMHYecKas TCXHOMOTHS, SKOMOrMYecKHit
MOHHTOPHHI' 3¢MJIH, CHCTEMA 3KCTPCHHON MOMOULY IIOTEPICBIINM OeICTBHE U p.).
MiccienoBaHusi  NPOBENCHBI  IPUMEHUTENHHO K CITCHYIOMAM HATIpaBICHIM
HCIT0JIb30BaHUS pakeTsl PC-20:

- ¢ NpUMCHCHMEM INTATHOM PAasTOHHOM CTYyIeHM 1S samycka KA tama
“Tenenecuk”, “Inobancrap™, “Upuauym™ ¥ ap.;

- ¢ TpHMEHCHHEM OTPAGOTAHHOH pPasrOHHOM CTYNEHH pPaKeThl-HOCHTE/L
“HMKIOH” ¢ HEMBIO NOBBIMICHMSI SHEPIETHYSCKUX BOZMOXKHOCTEH U pacummpeHus
IUAria3oHa BBICOT BhIBeneHUS KA. ‘

[Tt KaXa0ro HampaBieHHS TIPUHSTH OCHOBHMIC TIPHHIHITHI pa3paborTku:

- MaKCHMAaJIbHOE HCIIONB30BAHUE PAHCE CO3NAHHBIX M OTPaGOTAHHBIX CHCTEM W
arperaTos;

- peanusalMy oTpaloTaHHON TEXHONOIMH paGoT mpu cn;mmz H TOCTe CHATHA
paket ¢ 6oeBoro JeXypcTea ¢ YTOYHEHUEM B YACTH OCHAILIEHUS pakeTsl KA;

- HCTIONB30BAHUE TpacC MofieTa ¢ BHUICJACHHBIMM pafiOHaMM A NajeHus
OTAECAMBILMXCS YACTEHA PaKeThl; ’

- obecneyeHue mpueMa u obpaGorka TeJeMETpHIecKOi uHbopMaiu ¢ Gopra
pakeThI-HOcuTeNS U KA CynecTBYIONIMMEI M3MEPUTENPHBIMA KOMIUIEKCAMH,

Basuposamze KOcMUYIECKOTro PakeTHOro KoMmwiekca “{uenp” mpeaycMarpupaetcs

Ha KocMoznpoMe balikoHyp ¢ wHcrons3oBaHHMEM uUMeloIecs uHbpacTpyxTyphl

KoMiILiekca PC-20.
PH “/lHerp” co IITAaTHOM pasroHHOMK CTyTIeHbIO”

Pakera-HocuTeENs CO INTATHOH pasroHHOM CTYyNeHb0 pakersl PC-20 Moxer
obecrieunts 3amyck KA tuma “Tememecux”, “T nobancrap”, “Mpumuym” m ap. Ha
Kpyrosble opGursr BeicoToit 700 - 900 km. KA ¢ mpoctaBkoit BMecto Goeroit BY TIpU

TNOMOLIX BHOBb HS3INOTOBICHHOH pambl YCTaHaB/IMBACTCST Ha KOpOyc pa3[‘0HHOI71




crymenn. 3amura KA or HaGeraromiero a3poauHaMUIeckoro ToTOKa obecreNHBacTCs
LITATHBIM [OOBHBIM A3PONMHAMUYECKMM OBTeKaTeNIeM, KOTOPHI yCTAHABRTMBACTCH HA
nepexomHHK obrekaress. B kadecTse [IepeXofiHUKA  NIPHMEHACTCH BHOBb
paspaGOTaHHLm « nnnmmpmecmu orcex  (L=2080 MM),. JCIONHUTEIBHO
anommoumn (byHKumo sanmatsl KA oT ras’oguHaMM4ecKoro BoazelicTBHA (akena
npu pa60fre ZIV paarmmon CTYIeHM. BHYTpeHHHE oOreMsl 1on obrekaTesneM M
HEPEXOIHUKOM oﬁc,garcm ofpasyloT 30HY [IOJI¢3HOrO . Tpy3a. .. B cmy4ae
HeoBXOIMMOCTH 30Ha MOXeT ObITh YBEJIMMCHA 32 CHCT VIUTMHEHMS LFIMHAPAIECKOM
YacTH NEPeXOIHAKA (Hanpnmep, st KA “Tenenecuk” AL = 1420 MM).

)Z[Bnrarenn pcex cryneHeit pakersl PC-20 nenonb3yiores 6e3 mopaborox. CucreMa
yOpaBfieHHs PaKeTH-HOCUTENd - IUTATHAd, gopaGorannas B YacTH IpPOTPaMMHO-
MATEMATAYECKOro OBCCIIedeHMSs, NEKTPAYECKOM CBA3N KA ¢ Ha3eMHO#M IPOBEPOTHO-
IyCKOBO# ammapaTypoy, Beoja cnyxeGHpIXx KomaHg B KA B mpomnecce TIpe/icTapTOBOH
" HOATOTOBKH U IIOJIETA. }4

Crapr PH, pasgencHue CTyneHen, orpeneHe KA or PasrOHHOM CTYIICHH
IIPOU3BOJSATCS MO CXEME, npunaroi st PC-20.

Pakera-HocuTens “IHemp” cO LITATHOM pasroHHOU CTyrIeHmo obecrieauBaeT
BhIBeeHKE HA KPYToBble OpOHTHI BHICOTOH 250-900 xmM, HaxioHeHHeM 46° KA BecoM

/4000-400 XT COOTBETCTBEHHO.
Pakera-HOCHTENb ¢ pasrodHoi crynessio PH “TIuxnou”

It pacHIMpeHds IHANas’oHa BHICOT BbIBEACHMA KA pakeToii-HOCMTENIEM, IO
cpapHeHuio ¢ PH co mraTHO# PasroHHOM CTYICHBIO, PACCMOTPEHA paKeTa~-HOCUTEIb C
0TpaboTAHHON PA3TOHHOM CTYHEHBIO HOCUTEILA “Iuxnon”. B maHHOH Mom{cbuxatmn
IIp4 11epeoOOpyIOBAHNHN PAKEThI PC-20 B pakeTy-HOCUTENb DoeBasi pakeTa 3aMeHsieTcs
Ha xocMmuueckyio I'd, cocrosuryio H3 pasronHoit crynmesn C5M ¢ KOCMHIECKUM
aIIapaToM, TOJIOBHOTO a3pOAMHAMUYECKOrO oBTeKATENS M [IEPEXOIHOIO OTCEKa HOBOU
pa3paboTKH.

OrceK CHCTeMbl PA3BCICHUS PAKCTHI PC-20 ncpcoﬁopynye’rcﬂ B npnGOpHLm
OTCeK, TPH~  3TOM ¢ HEro [CMOHTHPYIOTCH JBHIATElb, THJIPIBHbIG Gakd H .
YCTAHABIMBACTCH CHCTEMA TEICMETPHHCCKUX nsMepeHnn H nopaﬁarbmacrcx cncrema'
yIIpaBIICHUS.

Ha npuGopHblil OTCEK YCTAHABJIMBASTCA KOCMIYCCKAs ronosﬂax gacte (KI9).
Tepsas ¥ BTOpas CTYIICHH PaKeThI PC-20 He nopabarpIBaroTcs.

TTpu BeBesien KA ympapneHue Ha yJacTke nosiera nepBoit u BTOpOI/I cTyTeHe!




OCYILIECTRISIETCH armapawpon CHCTEMST ynpauncx{m{ paKCTbI PC 20, a Ha ytms:rxc
foJIeTa pPasrOHHOMN cxynefm - annaparypon aBTOHOMHOPI CI/ICTCMH ynpamxer{m
pasroHHo#t crymeHu C5M. ,Zlopaﬁm‘xa CldCTeMLI ynparmem/m paKeT PC 20
OCYHIECTBIISIETCS B INAaHe ofecredend HOBOM HpOI‘paMMH TosteTa paKeThI- Hocmefm,
BBUIAYM HEOGXOMMMBIX KOMAHI M nudopManun Ha K4 " aalmroqae"rcs{ B nopaom"xe;
HPOTPaMMHO-MAaTeMATHIECKOrO OBCCIICISHMS, OTIENbHBIX npubopos u KaﬁcﬂbHOI/I
cer. lng yBasku ¢ PH pasronnas cryneus C5M nmopabaTeiBaercss B 4acTH BBC‘Z{GHI/IH
npubopa ¢ nporpammaMu BeiBesieHmss KA, cssisu ¢ CY Hocurens, HSMCHCHI/I}{ CXeMBI
OTHCHEHMS CTYNICHM OT HOCHTENsl M YBS3KM C HAa3¢MHBIM [POBEPOTHO-IIYCKOBBIM |
31eKTpooGOpPYAOBAHMEM. "

CxeMBl CTapTa, 3JallycKa NBUTaTeNedl M pasfgelicHUs CTYIEHeil - COOTBETCTBYIOT :
pealiM30BaHHBIM Ha IUTAaTHOM paketre PC-20.

Pakera-Hocutenp ¢ pasronHo#t cTyneHplo C5M  obecnieuuBaer cneuylonmé

SHEPIeTUYECKHME XapaKTePUCTUKM (IS XapaKTePHBIX OpOMT): .

BricoTa Kpyrosoi opGuThl, KM 250 1700
Haxnonenue op6ursl, rpan 63 98 65 a8
Bec nonesHore rpysa, kr 4000 3500 2800 2000

CrapToBBId B TeXHUYECKHHA KOMIUICKCHI

Hoo6opynosatue CTAPTOBOTO H TEXHHYECKOTO KOMIUIEKCOB IPELYCMATPHBASTCH
OCYHIECTBIIATE MO pecypcocOeperaoieif = TeXHOMOMH ¢ MaKCHMATbHBIM
UCIIONB30BZHNEM  CYLICCTBYIOIUMX Y3N0B M arperaros ITV, KII, CYIHCCTByl;WIIII/D(
COOPYXKCHHMH, JHHUA CBS3M, KOMMYHUKAUMHA M T.I., NPAMEHSIBIINXCS paHee Ui
orpaborku MBP PC-20.

o pesynsratam pexorrocuupoBouHbIX pabor 1996r. (akr or 18.04.961.), mcxoms
M3 MUHUMATBHBIX 06beMOB NIopaboToK, Haubojee LenecooOpasHO UCHoib30oBaHue ITY
wromanok 109, 106 u 103. B xawecrse KIT s nposeneHust myckos PH nenecooGpas-
HO HCIHOIB30BaHUE cylnecTByiomero HasemHoroe KIl, pacnonoxeHHoro Ha mwi. 111/2 n
ofecneynBaloIero IPOBe/IcHNE MycKOB paker PC-20. .

Y w1103, 109 ¥ KOMaHIHBUA NYHKT AOpaGaTHIBAIOTCH B IUIAHE OGCCIedCHMS
paboTOCTIOCOBHOCTH  IITATHONO  KOMIUTEKCA ABYX MoIudbuKanmi. [opaborke, B

OCHOBHOM, nomrexur IIY 106, ssemeHHas B okciulyatarmio B 1973 romy, us




opaboTKa arapaTyphl CHCTeMbl YIIpABIEHHS, _

- MepeoGOpPyAOBAHHME CTAPTOBOIO U TEXHHYECKOTO KOMIUIEKCOB.

CpoKH H 3Tansl pabor: ' '

- pa3paboTKa M BBIIYCK OPITEXAOKYMEHTOB Ha coamaHue koMrekca, UJl ma
paspaborky nmonomnenms x OII, ngomonsenma Kk DII, U]l HAa KOHCTPYKTOPCKYIO
JOKYMEHTAlIMIO - YETHIpE KBapTajia; ‘

- pa3paboTKa KOHCTPYKTOPCKOM JOKYMEHTAIIMM ~ ABA KBapTaia;

- [OOATOTOBKAa TIPOU3BOIACTBA, W3IOTORIICHHE MAaT4acTH ¥ HasemHas
3KCHEePUMEHTANbHAA OTpaboTKa - JBa KBapTana; .

- nepeoGopynopaHKe 0GBEKTOB KocMojpoma (BeAeTcsl mapautensHo ¢ D0) - asa
KBapTaia;

- nopabotka nByx PH, koMruiekchsle nennranus Ha CK - omus xBaprain;

- IPOBEACHME JIETHBIX UCIIBITAHKM (83 M3IeNus) ~ OOUH KBapTat.

[Ipu npunaTMH pellleHUs O CO3TaHUH PKK Ha Gaze pakersi PC-20, mo MHeHMIO
TONOBHBIX pa3paboTYHKOB, HMEIOTCA BCE NMPEeANOChUIKH UL 3aBepLICHIs paboT depes ~
2.5 roza npy HaMIKUKA GUHAHCHPOBAHMSL. _

[lpuuareie  OpUMHIMOB  co3NaHMs  KoMiulekca  “JIH